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© Benzofuran and benzothlophene derivatives, their use In inhlbtUng mammalian leukotriene biosynthesis and 
pharmaceutical compositions containing these derhratfves. 

© Novel benzofuran compounds have the formula ~ - 

n 



I 



in which 

each R"* is independently hydrogen or C, to Cg alkyl; 
is hydrogen, C, to 0^ alkyl, -(CHj)^ -Het-Y, or 



R^ is hydroxyl, 0- | 0 
C-R\ 0-1 

C-OR*, OCOCH2CH2COOH, 

OSOaH, or OPOaHa; 

each R* is fndependemly Ci to Cs alkyl; 
each is independently H, C, to Cb alkyL or both R^s 
iotn to form a 5- or 6-membered ring with the N to which 
they are attached; 

Het is a heterocyclic group selected from pyridine, 
pyrazine. pyrimldine, oxazole, pyrazole, oxediazole, tet- 
raiole, quinoline, Ihlophene. furan, pyrrole, thtazola, 
thiadiazote, or Imidazole; 
X fs O. S, SO, SOj; 

Y, y\ Y», Y", Y* and 2 are each independently H. 
halogen, OH. 

C, to Cb alkyl, C2 to Cb atkenyl. 

-COOR\ -COR\ nitre, 

C, to Cb alkoxy. C, to Cb alkylthio, 

-CH^SR', ocfy;o,R\ 

./... 
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-CON , -SCF3, 



-SOiN*^ -CN, CF3, or -NR^R"^; 

and each n is independently Q to 10; 
with the provisos that: 

[a] not all of R\ Y, Y*, Y*, Y^, Y*, and Z are 
. simultaneously H7 

(b) when up to 2 of R\ R^, Y, Y', and Z are Ct to Cj alleyl, 
and the others of R\ R'. Y, Y', and Z are H. then Is 
not OH; end 

ic) when n In 




fs O and one of R^. Y, Y^ 

or Z is OH, then is not H or C, to C2 alkyl. 
Their pharmaceutically acceptable salts are also novel. 
These compounds are useful as inhibitors of mammalian 
teukotriene biosyntfieas and are therefore useful therapeutic 
agents for treating allergic conditions, asthma, cardiovascu- 
lar disorders. Inflammation. The compounds are also useful 
as analgesics and as eytoprotective agents. They are made 
into pharmaceutical compositions for such uses^ 
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BENZOFURAN DERIVATIVES, THEIR USE IN INHIBITING 
MAMMALIAN LEUKOTRIENE BIOSYNTHESIS, A.ND 
5 PHARMACEUTICAL COMPOSITIONS CONTAINING" THEM 

This invention involves certain benzbfuran 
derivatives. These compounds are useful as 
inhibitors of mammalian leukotriene biosynthesis. As 

10 such, these compounds are useful therapeutic agents 
for treating allergic conditions, asthma, 
cardiovascular disorders and in'flpmmatioh. The 
compounds are also useful as analgesics and as 
cytoprptective agents. 

15 The leukotrienes are a novel group of 

biologically active mediatdrs derived from 
arachidonic acid through the action of lipoxygenase 
enzyme systems. There are two groups of leukotrienes 



20 
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derived from the common unstable precursor 
Leukotriene A^. The first of these are the 
peptido-lipid leukotrienes, the most important being 
Leukottienes and D^, These compounds 
5 collectively account for the biologically active 
material known as the slow reacting substance of 
anaphylaxis . 

The leukotrienes are potent smooth muscle 
contracting agents, particularly on respiratory 
10 smooth muscle but also on other tissues (e.g. gall 
bladder). In addition, they promote raucous 
production, modulate vascular permeability changes 
and are potent inflammatory agents in human skin. 
The most important compound in the second group of 
15 leukotrienes is Leukotriene B^, a dihydroxy fatty 
acid. This compound is a potent chemotactic agent 
for neutrophils and eosinophils and in addition, may 
modulate a number of other functions of these cells. 
It also affects other cell types such as lymphocytes 
20 and, for example, may modulate the action of 

T-suppressor cells and natural killer cells. When 
injected in vivo , in addition to promoting the 
accumulation of leukocytes, Leukotriene 6^ is- also 
a potent hyperalgesia agent and can modulate vascular 
25 permeability changes through a neutrophil dependent 
mechanism. Both groups of leukotrienes are formed 
following oxygenation of arachidonic acid through the 
action of a 5 -lipoxygenase enzyme. See for example, 
D. M. Bailey et al. , Ann. Rpts. Med. Chem. 17 203 
30 (1982). 

The leukotrienes are potent spasmogens of 
human trachea,- bronchus and lung parenchymal strips, 
and when administered to normal volunteers as 
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aerosols are 3,800 times more potent that histamine 
at inducing a 50% decrease in air flow at 30% of 
vital capacity. They mediate increases in vascular 
permeability in animals and promote mucous production 

5 in human bronchial explants. In addition, 

Leukotriehe may also mediate mucous production 
and could be an important mediator of neutrophil and 
eosinophil accumulation in asthmatic lungs. 
5-lipoxygenase products are also thought to be 

10 regulators of mast cell degranulation and recent 
studies with human lung mast cells have suggested 
that 5-lipoxygenase inhibitors, but not corti- 
costeroids, may suppress antigen-induced mast cell 
degranulation. In vitro studies have shown that 

15 antigen challenge of human lung results in the 

release of leukotrienes and in addition purified 
human mast cells can produce substantial amount of 
leukotrienes. There is therefore good evidence that 
leukotrienes are important mediators of human 

20 asthma. 5-lipoxygenase inhibitors would therefore be 
a new class of drugs for the treatment. of asthma. - 
See, for example, B. Samuels son. Science 220, 568-575 
(1983). 

Psoriasis is a human skin disease which 
25 affects between two and six percent of the 

population. There is no adequate therapy for 
psoriasis and related skin conditions. The evidence 
for leukotriene involvement in these diseases is as 
follows. One of the earliest events in the develop- 
30 ment of prepapillary lesions is the recruitment of 

leukocytes to the skin site; Injection of I,eukotriene 

into human skin results in a pronounced neutro- 
phil accumulation. There are gross abnormalities in 
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arachidonic acid metabolism in human psoriatic skin. 
In particular, highly elevated levels of free 
arachidonic acid can be measured as well as large 
amounts of lipoxygenase products. Leukotriene 

5 has been detected in psoriatic lesions, but not in 

uninvolved skin, in biologically significant amounts. 

Leukotrienes can be measured in nasal 
washings from patients with allergic rhinitis and are 
greatly elevated following antigen challenge. 

10 Leukotrienes may mediate this disease through their 
ability to regulate mast cell degranulation, by 
modulating mucous production and mucociliary 
clearance and by mediating the accumulation of 
inflammatory leukocytes. 

15 Leukotrienes can also mediate other 

diseases. These include atopic dermatitis, gouty 
arthritis, and gall bladder spasms. In addition, 
they may have a role in cardiovascular disease 
because leukotrienes and act as coronary 

20 and cerebral arterial vasoconstrictors and these 

compounds may also have negative inotropic effects on 
the myocardium. In addition, the leukotrienes are 
important mediators of inflammatory diseases through 
their ability to modulate leukocyte and lymphocyte 

25 function. 

SUMMARY OF THE tNVENTION 

It has now been discovered that certain 
substituted benzofurans and benzothiofurans of 
30 Formula I are effective inhibitors of leukotriene 
biosynthesis. Thus, these compounds are useful 
therapeutic agents for treating conditions such as 
asthma, allergies, cardiovascular disorders such as 
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angina and inflammation, for amelioration of skin 
diseases like psoriasis and atopic eczema, and as 
cytoprotective agents. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The compounds of the present invention are 
compounds of the formula: 



10 



15 



20 




wherein: 



each is independently hydrogen or to 
Cg alkyl; 

2 

R is hydrogen, to alkyl, 
-(CH2)^^-Het-Y, or 



25 ^ " \ A7^y3 



G O 

R^ is hydroxyl, 0-C-R^,0-C-OR^ , OCOCH2CH2COOH, OSO^H, 
30 or OPO3H2? . 

4 

each R is independently C, to alkyl; 

5 X o 

each R is. independently H, C, to C, alkyl, or both 

5 10 
R s 30in to form a 5- or 6-jnembered ring with the K 

to which they are attached; 
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10 



25 



30 



Het is a heterocyclic group selected from 

pyridine, pyrazine, pyrimidine, oxazole, 

pyrazole, oxadiazole, tetrazole, quinoline, 

thiophene, furah, pyrrole, thiazole, thiadiazole, 

or imidazole; 

X is O, S, SO, SOj; 

Y, Y"*-, Y^r Y^, Y^ and Z are each 

independently H, halogen, OH, 

Cg -alkyl, to alkenyl, 
-COOR^r -COR^, nitro, 

to Cg alkoxy, to Cg alkylthio, 

-CH^SR-*-, OCHjCOjR"**, 



-COnC ' "SCF3 , 

\t>1 



15 

R^ 
R^ 

20 -SO^N^ -CN, -CF3, or -NR^R^; 

R^ 



and each n is independently 0 to 10; 



with the provisos that: 

(a) not all of R^, R^, Y, Y^, Y^, Y^^ y4^ ^ 
are simultaneously H; 

(b) when up to 2 of R^, R^, Y, Y^, and Z are^C^^ to 
C2 alkyl, and the others of R^, R^, Y, Y , and Z 
are H, then R^ is not OH; and 

Y^ 

(c) when n in '^^^2^^^^^ ^ is O and one of R^, 

Y, Y^ or Z is OH, then R^ is not H or to 
alkyl; 

and the pharniaceutically acceptable salts thereof. 
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Unless otherwise indicated, the alkyl groups 
or alkyl portions of other groups may be straight 
chain, branched or cyclic or may contain both 
straight chain or branched and cyclic portions. 
5 By halogen is meant fluorine, chlorine, 

bromine or iodine. 

5 5 5 5 

The heterocycles of -NR R when R R 

are joined include pyrrolidine, piper idine, and 

morpholine. 

10 Preferred compounds of the present invention 

are compounds of Formula I as defined above, 
^ wherein: ^ ^ . 

each R**^ is C^^ to alkyl? 

is hydrogen, to C3 alkyl, 

15 

-(CH2> 

20 

or -(CH2)„-Het-y; 

p C| 

r3 is hydroxyl, 0-C-R^,p-C-OR'^; OCOCH^CH^COOH, OSO^H, 
25 or OPO^H2; 

each R^ is independently to alkyl; 

Het is heterocyclic group selected from pyridine, 

quinoline, thiazole, thiadiazole, or imidazole? 

X is O or S; 
30 y, Y"'', Y^, Y^, Y^, and Z are each 

independently H, halogen C, to C- alkyl, 

11 
or alkenyl, -COOR-^, -COR'^, 

toiCg alkoxy, Cj^ to C3 alkylthio. 
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-CON^ f -SCF , 

\r1 • 



10 



20 



-SO* 



•ir , -CN, or -CF" 



is also OCHjCO^R'*'; 
each n is independently 0 to 4; 
and the pharraaceutically acceptable salts thereof. 



More preferred compounds of the present 
invention are compounds of the Formula I as defined 
15 above, wherein; 

each is methyl? 
is hydrogen. 



or -CH^-Het-Y; 
25 is 4-hydroxylr 4-OSO3H, or A-^dSO^^^ 

Het is a pyridine? 
n = 1 or 2? 
X is O; and 

y^, Y^^ y3, y^, and Z are each independently 
30 H, fluorine, chlorine, methyl, propyl, allyl, 

-COOR^, -COR^, methoxy, methylthlo, 
-CH^SR^, or -CF^? 
and the pharraaceutically acceptable salts thereof. 
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Most preferred compounds of the present 
invention are compounds of Formula I as defined above, 
wherein: 

each is methyl; 



10 



R^ is 



y2 



R^ is 4-hydroxyl, 4-OP03H2# or 4-OSO2H; 
Het is a pyridine? 
X is 0; and 

y, Y"*-, Y^, y^r y^, and Z are each independently 
15 H, fluorine, chlorine, propyl, allyl, methoxy, or 

CH^SR^; 

and the pharmaceutical ly acceptable salts thereof. 

Other most preferred compounds of the 

present invention are compounds of Formula I as 

20 defined above, wherein: 

each R"^ is methyl; 
2 

R is hydrogen; 

R^ is 4-hydroxyl, 4-OPO3H2, or 4-OSO3H; 

Het is a pyridine; 

25 X is 0; and 

Y, y^, Y^, y^, y*, and Z are each independently 

H, fluorine, chlorine, propyl, allyl, methoxy, or 
2 1 

and the pharmaceutically acceptable salts thereof. 
30 Still other most preferred compounds of the 

present invention are compounds of Formula I as 
defined above, wherein: 

each R^ is methyl; 

R^ is -CHjHet-Y; 
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R-^ is 4-hydroxyl, ^-OPO^H^, or 4-OSO3H? 
Het is a pyridine; 
X is Ot ana 

Y, Y^r Y^r Y^, Y^, and Z are each independently 

5 H, fluorine, chlorine, propyl, allyl, methoxy, or 

2 1 
CH^'SR ; 

and the pharmaceutically acceptable salts thereof. 

Some of the compounds described herein 
contain one or more centers of asymmetry and may thus 
10 give rise to diastereo isomers and optical isomers- 
The present invention is meant to comprehend such 
possible diastereo isomers as well as their racemic 
and resolved optically active forms. 

Tables 1-4 list compounds of Formula I of 
15 this invention. 
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The following reaction schemes Illustrate 
the preparation of compounds of the present invention: 

SCHEME 1 



10 





K2C03 



ACt lONi 



II 



III 




A suitable acetophenone (II) wherein Y is as 
defined above is reacted with a substituted phenacyl 
30 bromide (III) wherein Y is as defined above at a 

temperature ranging from room temperature to about 
150*»C in an inert solvent (preferably at reflux in 
acetone) in the presence of a base (for example, an 
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alKali metal hyar oxide or carbonate) to give the 
corresponding benzoyl benzofuran derivative (IV), 
The compound of the formula IV is then reduced to 
give the compound of Formula I. For example. 

5 subsequent treatment of IV with hydrazine and a 

strong base at a temperature of about 150 to 2I0*»C 
preferably using the Huang Minion modification of 
Wolf f-Kishner conditions (J. Am. Chem. Soc. 68» 2487 
(1946)) yields the desired benzyl benzofuran 

10 derivative I. Alternatively, compound IV can be 

reduced to compound I using the zinc amalgam and a 
strong acid (preferably hydrochloric acid). See. for 
example, Ber. 46, 1837 (19X3). Alternatively, 
compound IV can be reduced to compound I using a 

IS mixture of lithium aluminum hydride and aluminum 

chloride in ether or tetrahydrof uran as solvent at a 
temperature range varying from O^C to 65*C. 

SCHEME II 



20 




VIII (I) 
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.According to the method of Scheme II, 
hydrolysis of an appropriate compound of the formula 
VI. wherein Y is ae defined above, with a strong acid 
and/or a strong base in water, or a mixture of water 

5 and a water soluble solvent, at a temperature ranging 
from room temperature to reflux (preferably, reflux) 
yeilds the corresponding acid of formula VIZ. 
Compounds of the formula VI are disclosed in U.S. 
Serial Kumber 661.645. filed October 17, 1984 

10 (Attorney Docket Number 16960IA). the disclosure of 
which is hereby incorporated herein by reference. 
The acid of formula VII is then decarboxylated to 
yield the corresponding benzofuran derivative of the 
formula VIII. This may be done by h^eating the acid 

15 in quinoline in the presence of copper. It can also 
be done by heating at reflux compound VII with a 
strong acid such as hydrochloric acid in a two-phase 
system made up of toluene and aqueous acid. Benzene 
or xylene or other aromatic hydrocarbons can be 

20 substituted for toluene. 

SCHEME III 



25 




30 

VIII IX 
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10 



Wherein R is to C^^ alkyl. (CH^)^^ .j^Hec. oc 



2 n-1 2 3 4 



Followiag Scheme tn. Compound Vlll, which 
is unsubstituted in position 2. can be reacted with 

lb an acid halide IX in the presence of a Lewis acid. 
Preferably aluminum chloride, to yield the 2-acyl 
derivative X. This reaction is best carried out in a 
solvent such as methylene chloride or ethylene 
dichlocide at a temperature ranging from 0* to 25*c. 

20 The compound of the Formula X is then reduced to give 
the compound of Formula I. For example, subsequent 
treatment of X with hydrazine and a strong base at a 
temperature of about 150 to 210*»C using the 
Huang-Minion modification of Wolf f -Kishner conditions 

25 (J. Am. Chem. Soc. ii. 2407 (1946)) yields the 
desired alkyl benzofuran derivative I. 
Alternatively, compound X can be reduced to compound 
1 using the zinc amalgam and a strong acid 
(preferably hydrochloric-acid). See, for example. 

30 Bev.. 46. 1837 (1913). 

Alternatively, compound X can be reduced to 
compound 1 using a mixture of lithium aluminum 
hydride and alum^inum chloride In ether or tetrahydro- 
furan as solvent at a temperature cange varying from 
0* to 65*»C, 
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Scheme IV describes another synthesis of 
compounds of Formula I. A cacboxylic acid . dec ivative 
VII is reacted with dichloromethyl methyl ether at 
reflux for 30 minutes to 2 hours to yield the 

5 corresponding acid chloride XX. This acid choride XI 
can then be reacted with a suitably substituted 
aromatic derivative such as anisole, toluene, or the 
like to yield the desired 2-benzoyl derivative IV. 
The Friedel-Craf ts aroylation reaction is best 

10 carried out in an inert solvent such as methylene 

chloride or ethylene dichloride and is catalyzed very 
efficiently by a Lewis acid, preferably aluminum 
chloride. The 2-benzoyl derivative IV is then 
reduced to the 2-benzyl derivative V. For example, 

15 subsequent treatment of IV with hydrazine and a 

strong base at a temperature of about 150 to 210**C 
preferably using the Huang Minion modification of 
Wolf f-Kishner conditions (J, Am. Chera. Soc. 68, 2487 
(1946)) yields the desired benzyl benzofuran 

20 derivative V. Alternatively, compound IV can be 

reduced to compound V using the zinc amalgam and a 
strong acid (preferably hydrochloric acid). See. for 
example. Ber. 1837 (1913). Alternatively, 

compound IV can be reduced to compound V using a 

25 mixture of lithium aluminum hydride and aluminum 

chloride in ether or tetrahydrofuran as solvent at a 
temperature range varying from 0<*C to 65*C. 

In those instances when asymmetric centers 
are present, more than one stereoisomer is possible. 

30 and all possible isomeric forms are deemed to be 

included within the planar structural representations 
shown. Optically active (R) and (S) isomers may be 
resolved using conventional techniques known to the 
skilled artisan. 
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The compounds of Formula I may be tested 
using one or more of the following assays to 
determine their mammalian leukotriene biosynthesis 
inhibiting activity and other relevant activities. 

5 

RBL-1 S-Lipoxyqenase 
Rat basophilic leukemia (RBL-1) cells are 
sonicated and centrifuged at 125000 xg. The 
resulting supernatant fraction is incubated vith 
10 arachidonic acid (labelled with ^*C) to convert a 
portion of it to ^*c-5(S)-hydroxyicosatetraenoic 
acid (5-HETEO . Compounds being evaluated as 
inhibitors of Sr^I^ipoxygenase are added prior to the 
addition of arachidonic acid. 5-HETE is isolated by 
15 extraction and paper chromatography, and quantitated 
by determining the amount of radioactivity (cpm) 
associated with 5-HETE. 

Reference: Egan. R.W,: Tischler, A.M.; 
Baptista. E, H- : Ham. E. A.: Soderman. D.D. ; and 
20 Gale. P,H, : Advances in Prosta cylandin- Thromboxane 
and Leukotriene Research . 11. 151. (1983), 
(SamuelsBon. B.: Ramwell. P.W.; and Paoletti, R- : 
(eds.). Raven Press. N.Y. 



25 ^ =,a Mmis6 Macrophase Assay . 

Mouse peritoneal macrophages are treated 
sequentially with arachidonic acid (labelled with 
tritium); the compound being evaluated as an 
Inhibitor, and a stimulator (zymosan). Metabolites 

30 derived from arachidonic acid (PGE^. 6-keto 

PG-F and leukotriene ) are separated from the 

la * 
incubation medium by extraction and chromatography. 

and then. quantitated by determining the amount of 
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radioactivity (cpm) associated with each of them. 
Inhibitocs cause a reduction in the amount of 
radioactivity (cpm) associated with a given 
metabolite. (This protocol is identical to that 

5 described in the reference except that the 

radioactivity herein associated with the LTC^ is 
determined by counting an aliquot of the final 
aqueous solution directly rather than 
chcomatographing it first. 

10 Reference: Humes, J.I,, et al.. . J. Biol. 

Chem . . 257 . 1591-4. (1962). 

Rat Polymorphonuclear Leukocyte 
(P^M.N.y Assay 

15 Rats under ether anesthesia are injected 

(intraperitoneally) with 8 ml of a suspension of 
sodium caeeiaate (6 grams in about 50 ml water). 
After 15 to 24 hours the rats are sacrificed (CO^) 
and the cells from the peritoneal cavity are 

20 recovered by lavage with 20 ml of buffer (Eagles 
Minimal Essential Medium containing 30 HERPES 
adjusted to pH 7.4 with WaOH) . The cells are 
pelleted (350 x g* 5 min.)f resuspended in buffer 
with vigorous shaking, filtered through lens paper, 

25 recentrifuged and finally suspended in buffer at a 
concentration of 10 cells/ml. A 500 pi aliquot of 
the suspension (PMN) and test compound are 
preincubated iEor 2 minutes at 37*0, followed by the 
addition of 10 vM A-231B7 calcium ionophore 

30 (Calbiochem) . The suspension is stirred for an 
additional 4 minutes then bibassayed for LTB^ 
content by, adding an aliquot . to a second 500 iil 
portion of the PMN at 37 *C. The LTB^ produced in 
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the first Incubation causes aggregation of the second 

PMN, is measured as a clxaage in light transmission. 

The si2e of the assay aliquot is chosen to give a 

submaximal transmission change (usually -70%) for the 

5 untreated control. The percentage inhibition of 

LTB formation is calculated from the ratio of 
4 

transmission change in the sample to the transmission 
change in the compound-free control. 

xo Rntlqen Challenge 'in vitro' Assay 

I5ale guinea pigs weighing 300-350 g are 

sensitized by injecting (intraperitoneally) 0.5 ml of 

a suspension containing 0-4 mg of egg albumin 

(Ovalbumin, Grade Sigma Chemical Co.) and 4.0 g 

15 aluminum hydroxide in 19.6 ml of saline. Two weeks 

are permitted iEor sensitization to occur - 

Three sensitized guinea pigs are stunned and 

exanguinated. The tracheas are removed, freed of 

adhering tissue and divided longitudinally by cutting 

20 through the cartilaginous tissue directly opposite 

the muscle insertion. Each opened trachea is then 

transected between every second cartilage. Four of 

the cut sections are tied together, end to end. in a 

series with No. 7 silk thread ensuring that the 

25 tracheal muscles are all in the same vertical plane. 

Thus, each chain consists of tissue from three 

different animals. 

The chain so formed Is then suspended under 

1 g of tension (by silK ties at each end) in a 20 ml 

30 organ bath containing 10 ml of modified Krebs- 

Henseleit buffet solution gassed with 95% and 

5% CO at 37«C. Mepyramine (0.55 ug/ittl) and 
2 

Indomethacln (2,67 v-g/ml) are added to the buffer to 



0165810 



2882P/1043A 

2884P/1045A - 41 - 17141IA 

avoid the contribution of histamine receptors and 
cyclooxygenase products to the contraction. To 
record responses one end of the tracheal chain is 
attached to a Gould-Statham UC-2 force displacement 

5 transducer which is connected to a Beckraan Type* 
R-dynograph. The preparations are allowed to 
equilibrate for one hour during which time the 
tissues are automatically washed (10 ml volume 
displacement) every 6 minutes. 

10 " 

^modified Krebs solution in grams/liter and 
{mM): 

NaCl - 6.87 (120): glucose - 2.1 (11); NaHCO^ - 
2.1 (25); KCl - 0.32 (4.72): CaCl^ - 0.28 
15 (2.5); 

MgSO^.VH^O - 0.11 (0.5); KH^PO^ - 0.16 
(1.2); pH at bathing solution » 7.35 + 0.05. 

After the equilibration period the tissues 

20 are primed with methacholine (3 v^q/ml; 1.5 x 
-5 

10 M) , washed and allowed to recover to baseline. 

The tissues ace treated again with a second dose o£ 

methacholine « washed, allowed to return to baseline 

and washed for an additional hour. 
25 Two chains are used as a control. These are 

incubated in a concentration of egg albumin 

sufficient to induce an average contraction of 50-80% 

of the methacholine response. 

Each compound to be tested is added to two 
30 their baths (at a final concentration in each bath of 

10 15 minutes prior to challenging the fresh 

chains with egg albumin. 
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The response of the challenged tissue is 
expressed as a percentage of the niethachollne 
maximum. The percentage inhibition for each compound 
is then calculated. Compounds which at 10 ug/ml 
5 Cfinal concentration) inhibit the egg albumin 

response by 50% or more are retested at a lower 
concentration. 

Asthmatic Rat Assay 
Rats are obtained from an inbred line of 
asthmatic rats. Both female and male rats from 200 
to 300 g are used. 

Egg albumin (EA) , grade V, crystallized and 
lyophilized, is obtained from Sigma Chemical Co.. St. 
15 Louis. Hordetella pertussis vaccine, containing 30 x 
10^ killed bacteria per ml is obtained from the 
institute Armand-Fr apple r. Laval des Rapides. 
Quebec. Aluminum hydroxide is obtained from the 
Regis Chemical Company. Chicago. 
20 The challenge and subsequent respiratory 

recordings are carried out In a clear plastic box 
with internal dimensions 10 x 6 x 4 inches. The top 
of the box is removable: in use, it is held firmly in 
pl^ce by four clamps and an airtight seal is 
25 maintained by a soft rubber gasket. Through the 
center of each end of the chamber a Devilbiss 
nebulizer CWo. 40) is inserted via an airtight seal 
and each end of the box also has an outlet. A 
Fleisch Ho. 0000 pneumotachograph is inserted into 
30 one end of the box and coupled to a Grass volumetric 
pressure transducer (PT5-A) which is then connected 
to a Beckman Type R Dynograph through appropriate 
couplers. While aerosolizing the antigen, the 
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outlets are open and the pneumotachograph ie Isolated 
from the chamber- The outlets are closed and the 
pneumotachograph and the chamber are connected during 
the recording of the respiratory patterns. For 

5 challenge. 2 ml of a 3% solution of antigen in saline 
is placed into each nebulizer and the aerosol is 
generated with air from a small Potter diaphragm pump 
operating at 10 psi and a flow of 8 liters/minute. 
Rats are sensitized by injecting 

10 (subcutaneousiy) 1 ml of a suspension containing 1 rag 
EA and 200 mg aluminum hydroxide in saline. 
Simultaneously, they receive an injection (intra- 
peritoneally) of 0.5 ml of B. pertussis vaccine. 
They are used between days 14 and 18 

15 postsensitization.. In order to eliminate the 
serotonin component of the response, rats are 
pretreated intravenously 5 minutes prior to aerosol 
challenge with 30 gm/Kg methylserzide. Rats are then 
exposed to an aerosol of 3% EA in saline for exactly 

20 1 minute, then their respiratory profiles are 
recorded for a further 25 to 30 minutes. The 
duration of continuous dyspnoea is measured from the 
respiratory recordings. 

Compounds are generally administered eJiXher 

25 intraperitoneally 1 hour prior to challenge or orally 
1 and 1/2 hours prior to challenge. They are either 
dissolved in dimethylsulf oxide or suspended in 0.1% 
methocel and 0.5% Tween 80. The volume injected is 
2'ml/Kg (intraperitoneally) or 10 ml /kg (otally)w 

30 Prior to oral tfreatment rats are starved overnight. 
Their activity is determined in terms of their 
ability to decrease the duration of symptoms of 
dyspnoea in comparison with a group of vehicle- 
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treated coatcoLs. Usually, a compound is evaluated 
at a series of doses and an EDg^ is determined. 
This is defined as the dose (mg/kg) which would 
inhibit the duration of symptoms by 50%. 

5 

PaF-Induced Hyperalgesia Rssay 
Female Sprague-Dawley rats, 35 to 40 g are 
fasted overnight. Platelet activating factor. PAF, 
(L-lecithin B-acetyl 0-alkyl) 1 ug/0.1 ml is given by 

10 subplantar injection in the rat paw. The compounds 
to be evaluated are homogenized in Aqueous Vehicle 
(0*9% benzyl alcohol, 0.5% Tween 80 and 0.4% 
methylcellulose) and administered orally in a volume 
of 0.1 ml. 30 minutes prior to PAF. 

15 Animals are tested 1, 2. 3 and 4 hours after 

PAF administration- The vocalization threshold, 
defined as the pressure CmmHg) needed to evoke a 
squeaK response, was recorded for both the injected 
and contralateral paw. No animal is subjected to 

20 pressure greater than 60 mmHg. Hyperalgesia is 

defined as a decrease in vocalization threshold as 
compared to a normal paw. Percent inhibition of 
" hyperalgesia is calculated as the proportion of 
animals with vocalization thresholds greater than 

25 200% of controls. 

Brewer's Yeast Hyperalgesia Assay 
The standard method [Winter. C.A. et_ al . , 
Pharm. Exd. Ther. ISO , 165-171 (1965)3 for yeast 
30 hyperalgesia is used. Female Sprague-Dawley rates. 
35-40 g are fasted overnight. A 5% solution (volume 
0.1 ml) of Brewer's yeast is injected into the rat 
paw. The compound is homogenized in aqueous vehicle 
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and given orally 2 hours after yeast. Vocalization 

thresholds are recorded 1 hour after drug (3 hours 

after yeast). Percent inhibition of hyperalgesia is 

determined by the proportion of animals with 

5 vocalization thresholds greater tlian 25 mmHg. 

The compounds of the Formula 1 have 

unexpected activity as inhibitors of the mammalian 

biosynthesis of leukotriene B,, as well as 

4 

leukotrienes C.. B^, and F,, the active 
4 4 4 4 
10 elements of the slow reacting substance of 

anaphylaxis (SRS-A). The compounds of Formula I act 

as inhibitors of the mammalian 5-lipoxygenase enzyme 

system of the arachidbnic acid cascade. This 

inhibition of the mammalian biosynthesis of 

15 leukotrienes indicates that the compositions are 

useful to treat « prevent or ameliorate. In mammals 
and especially in humans- 4 J pulmonary ,p.o^d4tiJ^on6 
including diseases such as asthma, 2) allergies and 
allergic reactions such as allergic rhinitis. 

20 contact dermatitis, allergic conjunctivitis and the 
like, 3) inflammation such as arthritis, 4) pain. 5) 
skin conditions such as psoriasis and the like, and 
6) cardiovascular conditions such as angina and the 
like, and that the; compounds are cytoprotective 

25 agents. 

Thus, the compounds of the present invention 
may also be used to treat or prevent mammalian 
(especially, human) disease states such as erosive 
gastritis; erosive esophagitis: inflammatory bowel 
30 disease; ethanol-induced hemorrhagic erosions: 

hepatic ischemia; noxious agent induced damage or 
necrosis of hepatic, pancreatic, renal, or myocardial 
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tissue. liver pateachymal damage caused by hepatoxlc 
agents such as CCl^ and D-gaLactosamine; ischemic 
renal failure: disease-induced hepatic damage, bile 
salt induced pancreatic or gastric damage; trauma- or 

5 stress-induced cell damage: and glycerol-induced 
renal failure. 

The cytoprotective activity of a compound 
may be observed in both animal and man by noting the 
increased cesistance of the gastrointestinal mucosa 

10 to the noxious effects of strong irritants, for 
example, the ulcerogenic effects of aspirin or 
ittdomethacin. in addition to lessening the effect of 
non-stecoidal anti-inflammatory drugs on the 
gastrointestinal tract, animal studies show that 

15 cytoprotective compounds will prevent gastric lesions 
induced by oral administration of strong^ acids, 
strong bases, ethanol, hypertonic saline solutions 
and the like. 

Two assays can be used to measure 

20 cytoprotective ability. These assays are: (A) an 
ethanol-induced lesion assay and (B) an 
indomethacin-induced ulcer assay. 

A. Ethanol-induced Gastric Ulcer Assay 
25 Twenty-four hour fasted Sprague-Dawley 

(S.D.) rats are perorally (p.o.) does with X.X) ml 
absolute ethanol. Fifteen to thirty minutes prior to 
ethanol administration, groups of rats each receive 
either an aqueous vehicle (aqueous methylcellulose 5% 
30 wt.) or the test compound at various doses perorally. 
One hour later, the animals are sacrificed and stomach 
mucosa are examined for resulting lesions. 
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B. Indomethacin-Induced Ulcer Assay 
Xndomethacin, 10 mg/kg p.o,, is used to 
induce ulcers in 24 hour fasted s. K, rats. Fifteen 
minutes prior to indomethacin administration, groups 
5 of rats each receive either an aqueous vehicle (5% by- 
weight methylcellulose) or the test compound at 
various doses perorally. Four hours later the 
animals are sacrifices and stomach mucosa are 
examined for resulting ulcers. 

10 

The magnitude of a prophylactic or 
therapeutic dose of a compound of formula I will, of 
course, vary with the nature of the severity of the 
condition to be treated and with the particular 

15 compound of formula 1 and its route of 

administration. When a compound of formula I is used 
in a pharmaceutical composition^ the effective 
concentration in the composition will vary as 
required by the mode of administration, dosage form 

20 and pharmocological effect and level desired. In 
general, the daily dose range for anti-asthmatic, 
anti-allergic or anti-inflammatory use and, 
generally, uses other than cytoprotection lies within 
the range of from about 0.01 mg to about 100 mg per 

25 kg body weight of a mammal- This dosage may be 
administered in a single or divided individual 
doses. More or less of the general daily dosage may 
be necessary depending upon the individual needs of 
the patient. 

30 The exact amount of a compound ot the 

Formula 1 to be used as a cytoptotective agent will 
depend on. inter alia , whether it is being 
administered to heal damaged cells or to avoid future 
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damage, oa the aature of the damaged cells or to 
avoid future damage, oa the nature of the damaged 
cells (e.g.. gastro-intestinal ulcerations vs. 
nephrotic necrosis), and on the nature of the 

5 causative agent- An example of the use of a compound 
of the Formula I in avoiding future damage would be 
co-administration of a compound of the Formula 1 with 
a non-steroidal anti-inflammatory drug that might 
otherwise cause such damage (for example. 

10 indomethacin) . For such use. the compound of Formula 
I is administered from 30 minutes prior up to 30 
minutes after administration of the HSAID (for 
example, in a combination dosage form). Preferably 
it is administered prior to or simultaneous with the 

15 NSAID- 

The effective daily dosage level for 
compounds of Formulae I inducing cytoprotection in 
mammals, especially humans, will generally range from 
about 0,002 mg/kg to about 100 mg/Kg. preferably from 
20 about 0.02 mg/kg to about 30 mg/kg. The dosage may 
be administered in single or divided doses. 

Any suitable route of administration may be 
employed for providing a mammal, especially a human, 
with an effective dosage of a leukotriene 
25 antagonist. For example, oral, rectal, transdermal, 
parenteral, intramuscular* intravenous and the like 
may be employed. Dosage forms include tablets. 
troch.es, dispersions, suspensions, solutions, 
capsules and the like. 
3Q For treating pulmonary conditions such as 

asthma, the mode of administration may be oral, 
parenteral, by inhalation, by suppository and the 
like. Suitable oral dosage forms are tablets. 
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elixirs, emulsions, solutions, capsules, including 
delayed or sustained release capsules and the like. 
Parenteral dosage forms Include solutions, emulsions 
and the like. Dosage forms for administration by 

5 inhalation including sprays, aerosols and the like. 
These inhalation formulations may be administered in 
metered doses ranging from about 0.1 v-q to about 200 
lig. administered as needed. 

For treating allergies or allergic 

10 reactions, such as allergic conjunctivitis, allergic 
rhinitis and the like, the Formula I compound may be 
administered by any conventional mode. e.g.. orally, 
parenterally. topically, subcutaneously. by 
inhalation and the like. The oral and parenteral 

15 dosage forms are the same type as for the pulmonary 
treatment. The topical application dosage forms 
include ointments, salves, controlled release 
patches, emulsions, solutions, thlxotcopic 
formulations, powders, sprays and the like. For 

20 topical application, the percent by weight active 

Ingredient (Formula I compound) may vary from about 
0.001 to about 10%. 

For treating inflammation th.e mode of 
administration may be oral, parenteral, by 

25 suppository and the like. The various dosage forms 
are the same as those described above. 

For treating skin diseases such as 
psoriasis, atopic dermatitis and the like. oral, 
topical or parenteral administration is useful. For 

30 topical application to the diseased area salves, 

patches, controlled release patches, emulsions, etc.. 
are convenient dosage forms. 
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Foe use as an analgeBic, i.e., tot treating 
pain* any suitable mode of adminietration may be 
used, e.g.r ocal. parenteral, by insufflation, by 
suppository and the like. 

5 For treating cardiovascular conditions such 

as angina pectoris, etc., any suitable mode of 
admlnistrationa e.g. oral, parenteral, topical, 
insufflation, etc. and dosage form e.g. pills, liquid 
formulations, controlled release capsules, controlled 

10 release skin patches, etc. may be used. 

The pharmaceutical compositions of the 
present invention comprise a compound of formula I as 
an active ingredient or a pharmaceutically acceptable 
salt thereof, and may also contain a pharmaceutically 

15 acceptable carrier and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable 
salts'* refers to salts prepared from pharmaceutically 
acceptable non-toxic bases including inorganic bases 
and organic bases. Salts derived from inorganic 

20 bases include sodium, potassium, lithium, ammonium, 

calcium, magnesium, ferrous, rinc. copper, manganous, 
aluminum, ferric, manganic salts and the like. 
Particularly preferred are the ammonium, potassium.^ 
sodium, calcium and magnesium salts. Salts derived 

25 from pharmaceutically acceptable organic non-toxic 
bases include salts of primary, secondary, and 
tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines 
and basic ion exchange resins, such as 
30 isopropylamine, trimethyl amine, diethylamine, 
triethylamine. tripropylamine, ethanolamine, 
2-dimethylaminoethanol. 2-di6thylaminoethanol. 
tromethamine. lysine, arginine. histidine. caffeine. 
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procaine, hydcabamine . choline, betaine. 
ethlenedlamine, glucosamine, tnethylglucamine. 
tueobtomine, purines, piperazine, piperidine, 
N-ethylpiperidine, polyamine resins and the like. 

5 For a useful discussion of pharmaceutical salts see 
S. M. Berge et, al - . Journal of Pharmaceutical 
Sciences, 66-/ 1-19 (1977), the disclosure of which is 
hereby Incorporated herein by reference. 

The compositions include compositions 

10 suitable for oral, rectal, ophthalmic, pumraonary, 
nasal, dermal, topical or parenteral (including 
subcutaneous. Intramuscular and intravenous) 
administration, although the most suitable route in 
any given case will depend on the nature an severity 

15 of the conditions being treated and on the nature of 
the active ingredient. They may be conveniently 
presented in unit dosage form and prepared by any of 
the methods well-known In the art of pharmacy. 

For use where a composition for intravenous 

20 administration is employed, a suitable dosage range 
for anti-asthmatic, anti-inflammatory or 
anti-allergic use and, generally, uses other than 
cytoprotection is from about 0.01 mg to about 20 mg 
(preferably from about 0.1 mg to about 10 mg) of a 

25 compound of Formula I per kg of body weight per day 
and for cytoprotective use from about 0.002 mg to 
about 100 mg (preferably from about 0.02 mg to about 
30 mg and more preferably from about 0.1 mg to about 
10 mg) of a <;ompound of Formula I of body weight per 

30 day. In the case where an oral composition is 

employed, a suitable dosage range for anti-asthmatic, 
anti-inflammatory or antl-allecgic use and, 
generally, uses other than cytoprotection is from 
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about 1 to about 100 of a compound of Formula I per 
kg of body weight per day. preferably from about 5 mg 
to about 40 mg per kg aad for cytoprotective use from 
about 0.01 mg to about 100 mg (preferably from about 
5 0.1 mg to about 30 mg and more preferably from about 
0.1 mg to about 10 mg) of a compound of Formula I per 
kg of body weight per day. 

For administration by inhalation, the 
compounds of the present invention are conveniently 
10 delivered in the form of an aerosol spray 

presentation from pressurized packs or a nebulxser* 
The preferred composition form inhalation is a powder 
which may be formulated as a cartridge from which the 
powder composition may be inhaled with the aid of a 
15 suitable device. In the case of a pressurized 
aerosol, the dosage unit may be determined by 
providing a valve to deliver a metered amount. 

In practical use, leukotriene antagonists of 
Formula I can be combined as the active ingredient in 
20 intimate admixture with a pharmaceutical carrier 

according to conventional pharmaceutical compounding 
techniques and using conventional ingredients, e.g. 
diluents, carriers, etc. The carrier may take a wide 
variety of forms depending on the form of preparation 
25 desired form administration, e.g.. oral or 

intravenous. In preparing the compositions for oral, 
dosage form, any of the usual pharmaceutical media 
may be employed, such as. for example, water glycols, 
oils, alcohols, flavoring agents, preservatives, 
30 coloring agents and the like in the case of oral 
liquid preparations, such as. for example, 
suspensions, elixirs and solutions: or carriers such 
as starches, sugars, diluents, granulating agents. 
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lubricants, binders, disintegrating agents and the 
like in the case of oral solid preparations such as, 
for example, powders, capsules and tablets and 
capsules represent the most advantageous oral dosage 
5 unit form, in which case solid pharmaceutical 

carriers are obviously employed. If desired, tablets 
may be sugar coated or enteric coated by standard 
techniques. 

In addition to the common dosage forms set 
10 above, the compounds of Formula I may also be 
administered by controlled release means and/or 
delivery devices such as those described in U.S. 
Patent Nos. 3.845,770; 3,916.899; 3,536.809; 
3.598,123; 3,630,200 and 4,008^719. the disclosures 
15 of which are incorporated herein by reference. 

Dosage forms for application to treat the 
eye are disclosed in U.S. Patent Wo. 4.348.398. the 
disclosure of which is incorporated herein by 
reference. 

20 Pharmaceutical compositions of the present 

invention suitable for oral administration and by 
inhalation in the case of asthma therapy may be 
presented as discrete units such as capsules, cachets 
or tablets each containing an predetermined amount of 

25 the active Ingredient, as a powder or granules or as 
a solution or suspension in an aqueous liquid, a 
non-aqueous liquid, an oil-in-water emulsion or a 
water-in-oil liquid emulsion. Such compositions may 
be prepared by any of the methods of pharmacy but all 

30 methods include the step of bringing into association 
the active ingredient with the carrier which 
constitutes one or more necessary ingredients. In 
general, the compositions are prepared by uniformly 
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and intimately admixing the active ingredient with 
liquid catriers or finely divided solid carriers or 
botU. and then, if necessary, shaping the product 
into the desired presentation. For example, a tablet 

5 may be prepared by compression or molding, optionally 
with one or more accessory ingredients- compressed 
tablets may be prepared by compressing in a suitable 
machine, the active ingredient in a free-flowing form 
such as powder or granules, optionally mixed with a 

10 binder, lubricant, inert diluent, lubricating. 

surface active or dispersing agent. Molded tablets 
may be made by molding in a suitable machine, a 
mixture of the powdered compound moistened with an 
inert liquid diluent. "Desirably, each tablet 

15 contains from about 25 mg to about 500 mg of the 

active ingredient and each cachet or capsule contains 
from about 25 to about 500 mg of the active 
ingredient. 

The following are examples of representative 
20 pharmaceutical dosage forms: 

Tni ectible Suspension ia?/giL 

Compound of Formula 1 2 

Methylcellulose 5 . 0 

Tween 80 0-5 
25 Benzyl alcohol 9.0 

Methyl paraben 1-8 

Propyl paraban 0.2 

Water for injection to a total volume of 1 ml 



30 
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Aerosol for Oral Inhibition mq/can (200 doses/can) 

Compound of Formula 1 2-40 

Oleic Acid 0.2-4.0 

Trichlocomonof luoro methane 5,000-8,000* 

5 Dichloromonof luoro methane 15.000-12.400* 
*To a total of 20,400 





Cream 


mq/<r 




Compound of Formula I 


1-100 


10 


Cetyl alcohol 


130.0 




Sodium Lauryl Sulfate 


15.0 




Propylene Glycol 


100 . 0 




Methyl paraben 


1.8 




Propyl paraben 


1.2 


15 


Purified Water of sufficient quantity ti 




make totail l g 






Ointment 


ma/ a 




Compound of Formula I 


1-100 


20 


Methyl paraben 


1,8 




Propyl paraben 


1.2 




Petrolatum of sufficient quantity to 




make total l g 




25 


Tablet 


mq/tablet 




Compound -of Formula I 


25 




Microcrystalline Celltilose 


325 




Providone 


14.0 




Microcrystalline Cellulose 


90.0 


30 


Pregelatinized Starch 


43.5 




Magnes ium : S^ear a te 


2,5 






500 
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Capsule mq/capsule 
Compouad of Formula I 25 
Lactose Powder 573.5 
Magnesium S tea rate X-J 



5 600 

la additioa to tUe compounds of Formula I, 
the pharmaceutical compositions of the present 
invention can also contain other active ingredients, 

10 such as cyclooxygenase inhibitors* non-steroidal 

anti-inflammatory drugs (NSAIDs), peripheral analgesic 
agents such as zomepirac diflunisal and the like. The 
weight ratio of the compound of the Formula I to the 
second active Ingredient may be varied and will depend 

15 upon the effective dose of each ingredient. 

Generally, an effective dose of each will be used. 
Thus, for example, when a compound of the Formula 1 is 
combined with an WSAID the weight ratio of the 
compound of the Formula I to the NSAID will generally 

20 range from about 1000:1 to about 1:1000. preferably 
about 200:1 to about 1:200. Combinations of a 
compound of the Formula I and other active ingredients 
will generally also be within the aforementioned 
range, but in each case, an effective dose of each 

25 active ingredient should be used. 

NSAIDs can be characterized into five groups: 
CI) the propionic acid derivatives: 

(2) the acetic acid derivatives; 

(3) the fenamic acid derivatives; 

30 (4) the biphenylcarboxylic acid derivatives: 

and 

(5) the oxicams 
or a pharmaceutically acceptable salt thereof. 
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The propionic acid derivatives which may be 
used comprise: ibuprofen, ibuprufen aluminum, 
indoprofen, ketoptofen. naproxen, benoxaprof en, 
flurbiprofen, fenoprofen, fenbufen, ketoprofen, 

5 indoprofen., pirprpfen, carprofen, oxaprozin/ prano- 
profen, miroprbfen, tioxaprofen, suprofen, almino- 
profen, tiaprofenic acid, f luprof en\and bucloxlc 
acid. Structurally related propionic acid 
derive-tives having similar analgesic and 

10 anti-inflammatory properties are also intended to be 
included in this group. 

Thus, "propionic acid derivatives" as defined 
herein are non-narcotic analgesics/non-steroidal 
antl- inflammatory drugs having a free -CH(CH^)COOH 

15 or -CH^CH^COOH group (which optionally can be in 

the form of a pharmaceutically acceptable salt group, 
e.g.. -GH(CH2)C00"Na"*" or -CH^CH^COO'tJa*), 
typically attached directly or via a carbonyi function 
to a ring system, preferably to an aromatic ring 

20 system. 

The acetic acid derivatives which may be 
used comprise:, indomethacin, which is a preferred 
NSAID, sulindac. tolmetin, zomepirac, diclofenac, 
fenclofenac. alclofenac, ibufenac, isoxepac, 

25 furofenac, tiopinac, zidometacin, acemetacin, 

fentiazac, clidanac, oxpinac, and fenclozic acid. 
Structually related acetic acid derivatives having 
similar analgesic and ant i- inflammatory properties 
are also intended to be encompassed by this group. 

30 Thus, "acetic acid derivatives" as defined 

herein are non-narcotic analgesics/non-steroidal anti- 
inflammatory drugs having a free -CHCOOH group 
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(Which optionally caa be ia the form of a pharma- 
ceutically acceptable salt group, e.g. -CH^COO Na ). 
typically attached directly to a ring system, prefer- 
ably to an aromatic or heteroaromatic ring system. 

5 The fenamic acid derivatives which may be 

used comprise: mefenamic acid, meclof enamic acid, 
flufenamic acid, niflumic acid and tolfenamic acid. 
Structurally related fenamic acid derivatives having 
similar analgesic and anti- inflammatory properties 

10 are also intended to be encompassed by this group. 
Thus, "fenamic acid derivatives" as defined 
herein are non-narcotic analgesics/non-steroidal anti- 
inflammatory drugs which contain the basic structure: 

COOH 

20 Which can bear a variety of substituents and in which 
the free -COOH group can be in the form of a 
pharmaceutically acceptable salt group, e.g., 
-COO~Ka*- 

The biphenylcarboxylic acid derivatives 
25 which can be used comprise: diflunisal and 

flufenisal. Structurally related biph^ylcarboxylic 
acid derivatives having similar analgesic and 
anti-inflammatory properties are also intended to be 
encompasBed by this group. 
30 Thus, "biphenylcarboxylic acid derivatives" 

as defined herein are non-narcotic analgesics/non- 
steroidal anti-inflammatory drugs which contain the 
basic structure: 
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0 




5 

which can beat a variety of substituents and in which 
the tree -COOH group can be in the form ol a 
phacmaceutically acceptable salt gcoup, e.g.. 
-COO'Na'*. 

10 The oxicams which can be used in the present 

invention comprise: piroxicam, sudoxicam, isoxicam 
and 4-hydroxyl-1.2-benzothiazine 1,1-dioxide 4- (N- 
phenyl) -carboxamlde . Structurally related oxicams 
having similar analgesic and anti- inflammatory 

lb properties are also intended to be encompassed by 
this group. 

Thus, "oxicams" as defined herein are non 
narcotic analgesics/non- steroidal ant i- inflammatory 
drugs which have the general formula: 

20 • 

OH 



2b 




Wherein R is an acyl or hetecoaryl ring system. 

The following NSAIDs may also be used: 
30 acemetacin. alminoprbf en. amfenac sodium, amlnoprofen. 
anicrazafen. antrafenine. aurahotin, bendazac 
lysinate. benzydahine. beprozin. broperamole. 
buCezolac. cacproCen, cinnetacin, ciproquazone. 
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clldanac, cloximate, dazidamine, deboxaiaet, 
delraetacia. detomidiae. dexindoprof en. diacerein. 
di-f isalamine. difenpyc amide* emorfazoae, eafenamic 
acid, enollcam. epirizole. etersalate, etodolac, 

5 etof eaamate. fanetizole mesylate, feaclofenac, 
feaclorac. feadosaL, f enf lumizole, fentiazac, 
fepcazone, f loctaf eniae, fluaixin.. f lunoxapcof en, 
f lupcoguazone, fopirtoline, fosfosal, f urcloproCen, 
furofenac. glucametacin, guaimesal. ibuproxam, 

10 isofezolac, Isonixim, isop£o£en, ieoxepac, isoxicam, 
lefetamine HCl, leflunomide, lofemlzole, lonazolac 
calcium, lotlfazole. loxoprofen, lysin clonixinate. 
meclof enamate sodium, meseclazone, miropco£en. 
nabumetone, ale t indole, nimesulide, orpanoxin, 

15 oxametacln, oxapadol. oxaprozin, pecisoxal citrate, 
pimeprofen, pimetacin, piproxen, picazolac. 
pitfenidone, plcprofen. pcanopcofen, proglumetacin 
maXeate, prpquazone, pyridoxiprpf en, sudoxicam, 
suprofen, talmetacin, talnitlumate, tenoxicam, 

20 thiazolinobutazone, thielavin B, tiaprofenic acid, 

tiaramide HCl, tiflamizole, timegadine. tioxaprofen. 
tolfenamic acid, tolpadol, tryptamid. uf enamate, and 
zidometacin* 

The following NSAIDs, designated by company 

25 code number, may also be used: 

480156S, AA861, AD1491. AD1590, AFP802, AFP860, 
AHR6293, AI77B, AP504, AU8001, BAYo8276, BPPC, 
BW540C. BW755C, CHINOIN 127, CNIOO. C0893XX, CPP. 
D10242, DKA9, DV17, EB382, EGYT2829, EL508, Fia44, 

30 F2, GP53633. GP650. GV3658. HG/3, ITCl, ITF. 1TF182. 
KB1043, KC8973, KCNTEI6090, KME4. LA2e51. LT696. 
L020B84, M7074. MED15. MG18311. MR714. MR897, MY309, 
N0164, OK03144. PR823. PV102. PV108, Q216. R830, 



01 65810 



28e2P/1043A 

2B84P/1045A - 6X - 17141IA 

RS2131. RU16029, HU26559. RUB265. SCRL52, SH440. 
S1R133, SIR136, S1R92. SPAS510. SQ27239. 5T281. 
SX1032. SY6001. SaH46798. TA60, TAI90X. TEI615. 
TVX2706, TVX960. TZI615, U60257. UR2310, WY23205, 
5 WY41770. YM09561. YML3162, YS1033. and ZK31945. 

Finally, NSAIDs which may also be used 
include the salicylates, specifically aspirin, and 
the phenylbutazones, and pharmaceutically acceptable 
salts thereof. 

10 Pharmaceutical compositions comprising the 

Formula X compounds may also contain inhibitors of 
the biosynthesis of the leukotrtenes such as are 
disclosed in EP 138,481 (April 24,1985), EP 115,394 
(August 8. 1984), EP 136,893 (April 10, 1985), and EP 

15 140,709 (May 8. 1985), which are hereby incorporated 
herein by reference ^ 

The compounds of the Formula I may also be 
used in combinatioa with leukotri^ne antagonists such 
as those disclosed in EP 106,565 (April 25, 1984) and 

20 EP 104,885 (April 4, 1984) which are hereby 

incorporated herein by reference and others Known in 
the art such as those disclosed in European Patent 
Application Wos. 56,172 and 61,800: and in U.K. 
Patent Specification Wo. 2,058,785, which are hereby 

25 incorporated herein by reference. 

Pharmaceutical compositions comprising the 
Formula t compounds may also contain as the second 
active ingredient, antihistaminic agents such as 
benadryl. dramamine, histadyl. phenergan and the 

30 like. Alternatively, they may include prostaglandin 
antagonists such as those disclosed in European Patent 



0165810 



2882P/1043A 

2884P/1045A - 62 - 17141IA 

Applicatioa 11.067 (May 28*. 1980) or thromboxane 
antagoaists 6uch as those disclosed ia U.S. 4,237,160. 
They may also contain hlstidine decarboxyase 
inhibitors such as a-f luoromethylhistidine. described 

5 in U.S. 4,325,961. The compounds of. the Formula 1 
may also be advantageously combined with aa H^^ or 
H -receptor antagonist, such as for iastance 
cimetidine. ranitidine, tecfenadine. famotidine, 
aminothiadiazoles disclosed in EP 40.696 (Pecembet 2. 

10 1981) and ItKe compounds, such as those disclosed in 
U.S. Patent Nos. 4.283.408: 4.362.736; 4,394.508; and 
a pending application. U.S. S.N. 301.616. filed 
September 14. 1981. The pharmaceutical compositions 
may also contain a K^/H* ATPase inhibitor such as 

15 omeprazole, disclosed in U.S. Pat. 4.255,431. and the 
like. Each of the references referred to in this 
paragraph is hereby incorporated herein by reference. 

The following examples illustrate the 
present inveation without, however, limiting the same 

20 thereto. All temperatures are in degrees Celsius. 

EXRMPLE 1 

4-hvdroxy-2-(4-methQxybenzyl)-3-methvl-5-ben20furan 

25 

Step R: : Preparation of 4-hydroxy-2-(4-methoxy- 
benzoyl)-3-methyl-5-propvlben2ofuraa 
A mixture of 2.6-dihydroxy-S-pcopyl 

acetophenone C5.8 g; 30 mmoles) . c^-bromo-p- 
30 methoxyacetophenone (6.8 g; 30 mmoles), anhydrous 

potassium carbonate (4,1 g: 30 mmoles) and acetone 

(150 ml) was refluxed for 22 hours. The mixture was 
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filtered and concentcated . The residue was dissolved 
in dichloromettiane (500 ml) and extracted with 1 N 
sodium hydroxide (2 x 200 ml) and water (200 ml). 
The dichloEomethane solution containing the product 

5 was dried (Na^SO^), filtered, concentrated, and 

chromatographed to obtain 7.2 g of the title compound 
as a solid. A sample was recrystallized from 10% 
ethyl acetate in hexane. 
m.p. 114-116«C 

10 Calcd for C^qH^qO^: C. 74,05: H, 6.21. 

Found: C. 74.30: H. 6.18. 

Step B : Preparation of 4-hydroxy-2-{4-mGthoxy- 
benzyl)-3-methvl~5-propylben2Qfuran 

15 A mixture of 4-hydrGxy-2-(4-niethoxy- 

benzoyl)-3-methyl-5-propylbenzofuran (7.2 g: 22 
mmoles)* potassium hydroxide pellets (8,7 g; 155 
mmoles). ethylene glycol (100 ml) and 99% hydrazine 
(3.0 ml) was heated with stirring and maintaining the 

20 internal temperature between 130*0 and 150°C for 4 
hours. The internal temperature was permitted to 
rise to 175*»C for 1 hour and excess water was always 
allowed to escape. The mixture was cooled and poured 
into excess 20% citric acid solution. The mixture 

25 was extracted with ether, washed with water, dried 
(tJa^SO^), filtered, concentrated, and 
chromatographed to give 4 grams of the title compound, 
m.p. 83-86**C 

Calcd for ^20^2^2' C. 77.39; H. 7.14 
30 Found: C. 77.39; H. 7.06. 



0165810 

2882P/1043A 

2884P/1045A - 64 - 17141IA 

EXABCPLE 2 

4-Uydtoxy-2-(4-hydi:o3cybenzyl)-3-iaethyl-5-propyl- 
benzofttran ^ '. 

5 . 

Under nitrogen atmosphere, ethanethiol (4.9 
g; 80 mmoXes) was added dropwise over 5 minutes to a 
mixture of 99% sodium hydride CI. 9 g: 80 mmoles) in 
dimethylformamide (100 ml). After stirring for 15 
10 minutes, a solution of 4-hydroKy-2-(4-mettioxyben2yl)- 

3- metliyl-5-propylben20furan (2.4 g; 8 mmoles) in 
dimethylformamide (5 ml) was added in one portion. 
The mixture was refluxed fox 2 hours, cooled, 
acidified with 20% citric acid solution and extracted 

15 with ether- The ether solution was washed with 
water* dried (Wa^SO^). filtered, concentrated, 
and chroma tographed to obtain 2.2 g of the title 
compound as an oil which crystallizea from an 
ether-hexane mixture. 

20 m.p. 117-120*»C 

Calcd for C^^K^^O^i C. 77.00; H. 6.80. 

Found: C. 76.66: H. 7.32. 

EXAMPLE 3 

25 

4- hydroxy-3-methyl-5-propyl-2-(4-pyridylmethyl)- 
benzof uran 

Step A : Preparation of 4-hyd coxy-3 -methyl- 5- 
30 propyl-2»f isonicotinovD-benzofuran 

A mixture of 2 . e-dihydroxy-S-propylaceto- 
phenone (5.8 g; 30 mmoles). 4-bromoacetylpyridine 
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hydrobromide (16,8 g; 60 mmoles), anhydrous potassium 
carbonate (16.5 g; 120 mmoles) and acetone (200 ml) 
was refluxed for 22 hours. The mixture was filtered, 
concentrated, and chromatographed to obtain 2 g of 
5 the. title compound, 
m.p. 203-205*'C 

Calcd f or C^gH^^NO^: C. 73.20; H, 5.80: N, 4.76. 

Found: 73.04; H, 5.88; N. 4.64. 

10 Step B: Preparation of 4-hydroxy-3-methyl-5-propyl-2- 

( 4-pyr idv lmethvl ) -benzof uran 

A mixture of 4-hydroxy-3-methyl-5-propyl-2- 
(iBonicotinpyl)-ben20furan (1.5 g; 5.2 mmoles), 
potassium hydroxide pellets (2 g; 37 mmoles), 

15 ethylene glycol (25 ml) and 99% hydrazine (0,8 ml) 
was heated with stirring at 130*C for 1 hour and at 
155*>C for 2 hours. The mixture was cooled and 
acidified with 20% citric acid solution. The mixture 
was extracted using 20% ethyl acetate in diethyl 

20 ether. The organic layer was dried. (Na^SO^), 

filtered, concentrated, and chromatographed to obtain 
1 g of the title compound which was then 
recrystallized from ethyl acetate, 
m.p. 161-163*»C 

25 Calcd ^o*^ C^gH^gNO^: C, 76.84; H, 6.80; N, 4.97. 

Found: C, 76.66; H, 7.19; N, 4.90, 

EXAMPLE 4 

30 2-ethvl- 4-hydroxy-3-methvlben20furan 



A mixture of 2-acetyl-4-hydroxy-3-methyl- 
benzofuran (2 g; 10.5 mmoles), potassium hydroxide 
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pellets (4 g: 73 mmoles). etnyleae glycol (50 ml) and 
99% hydrazine (3 ml) was heated at lOO^C foe 2 hours 
and at 180-C for 2 hours. The mixture was acidified 
with excess 20% citric acid solution and extracted 
with ether. The ether layer was dried (Na^SO^). 
filtered, concentrated, and chroraatographed to obtain 
1.2 g of the title compound as an oil which 
crystallized from hexane. 
m.p. 105-107*»C 

Calcd for C^iH^2^2: C 7^.97; H, 6.86. 

Found: 74.84; 6.76. 



EXAMPLE 5 

15 2-benzvl-A-hvdroxy-3-methvl- 5-Pcopvlbenzofuran 

A mixture of 2 -benzoyl -4 --hydroxy- 3 -methyl- 
5-propylbettzofuran (1.2 g; 4 mmoles). potassium 
hydroxide pellets (1.5 g: 28 mmoles), ethylene glycol 

20 (25 ml) and 99% hydrazine (0.7 ml) was heated at 
135-155*C for 3 hours. The mixture was cooled, 
acidified with 20% citric acid solution, extracted 
with ether, dried (Na^SO^), filtered, 
concentrated, and chroma tographed to obtain 650 mg of 

25 the title compouad as an oil which was crystallized 
from hexane. 
m.p. 40-41*'C. 

ealcd for C^gH^QO^: C 81.39; H. 7.19. 

Found: C, 81.46; H. 7.18. 



30 
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EXAMPLE 6 

5-allvl-2-ethyl-5-hydroxv-3-methylben2o£uraii 

5 Step A : Pceparatioti of 4-allyloxy-2-ethyl-3-raetliyl- 
beazofuran 



A mixture of 2-ethyl-4-hydroxy-3-methyl- 
benzofuraci (760 mgs; 4.3 lamoles). allyl bromide (1.0 
10 g; B.-6 mmoles). anhydrous potassium carbonate (1.1 g; 
8.6 mmoles) and acetone (50 ml) was refluxed for 4 
hours. The mixture was filtered, concentrated, and 
chromatographed to obtain 1.1 g of the title compound 
as an oil which was used as such in the next step. 

Step B : Preparation of 5-allyl-2-ethyl-4-hydroxy-3- 
methvlbenzofuran 

A mixture of 4-allyloxy-2-ethyl-3-methyl- 
20 benzofuran (1.0 g: 4,8 mmoles) and orthodichloro- 
benzene (40 ml) was refluxed for 4 hours. The 
mixture was chromatographed to obtain 1.0 g of the 
title compound as an oil. The oil was recrystallized 
from hexane, 
25 m.p. 38-40«C 

Calcd for <^-^^^-^^0^* C. 77.74: H. 7.45. 

Found: C. 77.74; 7.06, 

30 
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EXAMPLE 7 

2-fl-r4-cMoropheavl'>"Viavl ^-3-methvI-beRZO£ucaa 

5 To a suspensioa of potassium t-butoxide (448 

mg: 4 mnioles) ia tetrahydrof uraa (25 mL) was added 
methyl-tripheaylphosphoaium bromide (1.07 gm; 3 
mmoles). Tlie mixture was stirred for a period of 2 
hours, 2-(4-chlorobeii2oyl)-3-metliyl-4-hydi:oxy- 

10 benzofuran (286 mg; 1 mmole) in tetrahydrof uran (5 

ml) was added rapidly and the mixture was stirred foe 
aa additional 30 minutes at room temperature. The 
mixture was poured into 10% citric acid solution (100 
ml) and was extracted with ethylacetate. The organic 

15 phase was dried (Wa^SO^). and concentrated in 

vacuo . The residue was chromatographed on silica gel 
and eluted with 10% ethylacetate in hexane to yield 
210 mg (73%) of 2-(l-(4-chlorophenyl)vinyl)-3- 
methylbenzofuran as an oil. 

20 

^ NMR 2.23 (S. 3H. CH^) . 5.57 (m, 2H, CH2). 

5.67 (s. IH. OH), 6.43 (d of *d, J = 3Hz, 9Hz. H5). 

7.00 (m, 2H, H6 and H7)r 7.20 (s, 4H. phenyl protons), 

25 Anal. Calcd for ^^^^^^'^^2' ^' ^* 

CI. 12.45 Found: C. 71.54: H. 4.81; CI. 12.35. 

EXAMPLE 8 

30 2-(3-forrayl-4-methoxybenzyl)-3-methyl-4-hydcoxy-5- 
propyl-benzofuran . — 



To a suspension of aluminium chloride (214 
mg; 1.6 mmole) in dichlorome thane (5 mL) cooled at 
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0**C was added 2- (p-methoxy-benzyl )-3-ittethyl-4- 
hydroxy-5-pcopyl-benzoCuran (100 rag; 0.32 mmoles). A 
red solution resulted. To this solution was added 
dropwise dichloromethylmethylether (87 ^il; 0.96 

5 mmole). There was a vigorous reaction and a color 

change from red to green was observed. Ice and water 
was then added and the mixture was extracted with 
ethylacetate. The organic phase was dried 
(Na^SO^), and concentrated in vacuo and the 

10 residue was chronatographed on silica gel. Elution 
with 10% ethylacetate in hexane yielded 40 mg (37%) 
of 2-(3-f ormyl-4-methoxybenzyl) 3-raethyl-4-hydroxy- 
5-propyl-benzofuran. 

15 "^^H WMR 0.93 (t. 3H. J - 7Hz, CH^). 1.60 (sextet, 
2H. J = 7Hz, CH^), 2.40 (s. 3H. CH^). 2.63 (t. 
2H. J » 7 Hz. CH^). 3,87 (S. 3H. CH^). 3.97 (s. 
2K. CH^). 4.90 (S. IH. OH). 6.90 (s. 2H. H6 and 
H7), 6.93 (d. IH, J « 9 Hz. proton ortho to methoxy). 

20 7.40 ( d of d. IH. J « 9 HZ, 3 Hz, proton meta to 
methoxyO, 7.73 (d, IH, J = 3Hz. proton ortho to 
formyl), 10.50 (s, IH, formyl proton). 

Anal. Calcd for C^,H,,0^: C. 74,51; H/ 6.55; 
21 22 4 

25 Found: C. 74.56; H. t6, 58. 



EXAMPLE 9 

2-(p-chlorobenzyl)-3-methyl-4-hydroxy-5-propyl-7- 
30 chlocobenzof uran ] 



a) Preparation of 2-(p-chlorobenzoyl)-3-methyl-4- 
(chlorobenzoyloxy)-5-propyl-7-chlorobenzof uran 
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A solution of p-chlorobenzoyl chloride (3.5 
gm: 20 mmoles) in ethylene dichloride (10 mL) was 
added slowly to a cooled suspension of aluminium 
chloride (5.36 gm; 40 mmoles) in ethylene dichloride 

5 (200 mL) . After stirring for a period of 15 minutes, 
3-methyl-4-hydroxy-5-propyl-7-chlorobenzofuraa (1.5 
gm; 7 mmoles) in ethylenedichloride (10 mL) was added 
over a period of 2 minutes. The reaction mixture was 
stirred at room temperature for 5 hours. It was 

10 cooled with an ice-bath and ice was added slowly. 
When the vigorous reaction subsided, the organic 
layer was separated and the aqueous phase was 
extracted with methylene chloride. The organic phases 
were combined, dried (Na^SO^). and concentrated 

15 itt vacuo ^ The residu.e was chroma to graphed on silica 
gel- Elution with 15% ethylacetate in hexane yielded 
2.63 gm (75%) of 2-(p-chlorobenzoyl)-methyl-4-(p- 
chlorobenzoyloxy)-5-propyl-7-chlorobenzofuran, rap. 
177-182*»C- 

20 

^ KMR 0.90 (t. 7 Hz. 3H. CH^). 1.63 (sextet. 
J«7 Hz. 2H. CH^). 2.57 (s. 3H. CH^). 2-63 (t. 
J=7Hz. 2H. CH^)- 7.43 (d. J-9 Hz, IH, proton ortho 
to chloro), 7.50 (d, J =9 Hz, IH, proton ortho to 
25 chloro), 7.60 (s, IH, H6),S.17 (d, J-9 Hz. IH, proton 
meta to chloro. 8-23 (d» J»9 Hz. IH, proton meta to 
chloro). 

b) Preparation of 2-(p-chlorobenzyl) -3-methyl- 
30 4-hydroxy-5-propyl-7-chlorobenzof uran 

To an ice-cold suspension of aluminium 
chloride (2.1 gm. 16 mmoles) in ether (300 mL) was 
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added slowly lithium aluminium hydcide (2.6 gm, 68 
mmoles). After stirring for a period of 10 minutes. 
2- (p-ctilor ©benzoyl )-3-methyl-4-( p-chlorobenzoyloxy)- 
5-propyl-7-chlorobenzof uran (2.3 gm, 4.6 mmoles) in 

5 ether (10 mL) was added over a period of 2 minutes. 
The reaction mixture was stirred at room temperature 
for 15 minutes. It was cooled with an ice-bath and 
ice was added slowly. When the vigorous reaction 
subsided, the organic layer was separated and the 

10 aqueous phase was extracted with ether. The organic 
phases were combined, washed with brine, dried 
(Na^SO^), and concentrated in vacuo . The residue 
was chromatographed on silica gel. Elution with 15% 
ethylacetate in hexane yielded 0.30 gm (87%) of 

15 2-(p-chlorobenzyl)-3-methyl-4-hydroxy-5-propyl-7- 
chlorobenzofuran, mp.76-77*»C. 

NMR 0.97 (t, J== 7 Hz. 3H. CH^). 1.67 (sextet. 
J-7 Hz, 2H, CH^). 2.33 (s. 3H. CH^), 2.57 (t. 
20 J=*7Hz. 2H, CHp, 4.03 (s, 2H, CH^). 4.80 (s, IH, 

OH). 6.93 (S.IH. H6). 7.17 (d. 2H. J=9Hz. proton 
ortho to chloro)» 7.30 (d-, Je9 Hz« IH. proton meta to 
chloro)* 

25 EXAMPLE 10 

2-(p-f luorobenzyl)-3-methyl-5-propyl-4-hydroxy- 
benzofutan , ; 



30 a) Preparation of 2-hydroxy-5-allyloxyacetophenone 

A mixture of 2.5-dihydroxyacetophenone (7.6 
gm; 50 mmoles). potassium carbonate (6.9 gm: 50 
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mmoles) and allyl bromide (6.0 gm: 50 mmoles) in 
acetone (100 mL) was refluxed for a period of 18 | 
hours. The reaction mixture was cooled, filtered 
through Celite (diatomaceous earth) and concentrated 
5 in vacuo . The residue was chromatographed on silica 
gel using 20% ethylacetate in hexane as eluent to 
yield 11.2 gm (97%) of 

2-hydroxy-5-allyloxyacetophenone, mp. 51-53**C. 

10 WMR 2.60 (6. 3H. CH^). 4.52 (d,J=6 H2, 

2n.OCR^). 5.30 (m. IH. CH) , 6.00 (m. 2H. CH^. 

6.83 (d, J=9Hz, IH, proton ortho to hydroxyl). 7.13 

(m, 2H. proton ortho to allyloxy) . 

15 Anal. Calcd for ^-^J^-^z^y ^' 68.75; H, 6.25. 
Found; C. 68.74: H, 6.53- 

b) Preparation of 2-(p-f luorobenzoyD-S-methyl-S- 
allyloxybenzof uran 

A mixture of 2-hydroxy-5-allyloxyacetophenone 
(5.0 gm: 26 mmoles), potassium carbonate (3.9 gm; 28 
mmoles) and p-f luorophenacylbromide (6.2 gm; 28 
mmoles) in methylethylketone . (75 mL ) was refluxed 
for a period of 22 hours. The reaction mixture was 
cooled, filtered through Celite and concentrated in 
vacuo . The residue was chromatographed on silica gel 
using 15% ethylacetate in hexane as eluent to yield 
3.9 gm (48%) of 2-(p-f luorobenzoyl) -3-methyl-5- 
allyloxybenzofuran, mp. 80-e2°C. 

WMR 2.67 (s, 3H. CH3), 4.60 (m, 2H. CH2). 
5.43 (m. 2H. CH^), 6.13 (m. IH. CH) . 7.20 (d. 3H. J 
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^ 9 Hz. protons ortho to fluoro and H7), 7.27 (d, 
J=3 HZ, IH. H4). 7.47 (d of d. J. 3 Hz. 9 Hz, H6). 
8.16 (d of d. 2H, J« 5 Hz. 9 Hz. protons ortho to 
carbonyl). 

5 

Anal. Calcd for C^gH^gFOg : C. 73.53; H. 4.87; 
6.12. Found: C. 73,98: H, 4.85; F. 6,08. 

c) Preparation of 2- (p-f luorobenzoyl)-3-methyl-4- 
10 allyl-5-hydrox7benzofuraa 

A solution of 2-(p-.f luorobenzoyl)-3-methyl- 
5-allyloxybenzoftiran (2.77 gm; 9.2 mmoles) in 
ortho-dichlordbenzene (15 mL) was refluxed under 
15 nitrogen for a period of 4 hours. On cooling, the 

reaction product crystallized. Some hexane was added 
and the crystals were filtered, washed with hexane 
and air-dried to yield 2,1 gm (76%) of 2-(p-fluoro- 

benzoyl )-3-methyl-4-allyl-5-hydroxybenzofuran, mp. 
20 164-166«C. 

''H NMR 2.80 (s. 3H. CH3), 3.80 (m. 2H. CH^). 
5.07 (m. 2H. CH^). 7.20 (m. 4H. protons ortho to 
fluoro. H5 and H7). 8.10 (d of d. 2H. J« 5 Hz. 9 Hz. 
25 protons ortho to carbonyl). 

Anal, calcd for C^^H^^FO^ : 73,53; H. 4.87; 
F. 6.12. Found: C. 73.53: H. 4.84; P. 6.33. 

30 d) Preparation of 2-(p-f luorobenzyl)-3-inethyl-4- 
propyl-5-hydroxybenzofuran 
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A solution of 2-(p-f luorobenzoyl)-3-Irtethyl-4- 
allY'l-5-hydroKybenzof ucan (1.5 gm; 4.8 mmoles) in 
ethanol (50 mL) was hydrogenated in a Pact apparatus 
in presence of 10% palladium on carbon. The catalyst 
5 was removed by filtration and the filtrate was 

concentrated to dryness. The residue was chtomato- 
graphed on silica gel using 20% ethylacetate in 
hexane as eluent to yield 600 mg (42%) of 
2-(p-f luoroben2yl)-3-methyl-4-propyl-5-hydroxybenzo- 
10 furan, mp 121-123'C. 

WMR 0.97 (t. 3H. J - 7 Hz. CH3), 1.63 (sextet. 
2H. J = 7 H2. CH^). 2.27 (B. 3H. CH^). 2.83 (t. 
2H. J - 7 HZ. CH^). 3.93 (6. 2H. CH^i . 4.40 (S. 
15 2H, CH^). 6.90 (m. 6H. aromatic protons). 

Anal. Calcd for C^^H^/^^z^ ^' ^' 

F. 6-36. Found: C. 76.11: H. 6.48; F, 6.55. 

20 EXAMPLE 11 

2-(4-hydroxyben2yl)-3-methyl-4-propyl-5-hydroxy- 
benzofiiran [ — 

25 Under nitrogen, ethanethiol (3.1 gm; 50 

mmoles) was added dropwise over 5 minutes to a 
mixture of 99% sodium hydride (1^2 gm; 50 nimoles) in 
dimethylf ormamide (100 mL) . After stirring for 15 
minutes, a solution of 2-{4-methoxyb6nzyl)-3-methyl- 

30 4-propyl-5-hydroxybenzofuran (2.1 gm; 6.7 mmoles) in 
dimethylformamide (DMF) (25 mL) was added in one 
portion. The mixture was relluxed for 1.5 hours, 
cooled, acidified with 20% citric acid and extracted 
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with ether. The ether solution was washed with 
water, dried (Na^SO^), filtered, and concentrated 
in vacuo . The resulting oil crystallised on standing 
at room temperature overnight. The crystals were 
5 slurried with hexane. filtered, washed with hexane, 
and air-dried to yield 2-(4-hydroxybenzyl)-3"raethyl- 
4-propyl-5-hydroxybenzofuran, mp. 138-142**C. 

■*'H NMR 1,03 (t. 3H. J ^ 7 Hz. CH^). 1.57 (sextet. 

10 2H. J 7 Hz. CH^). 2.37 (s. 3H. CH^). 2.90 (t, 
2H. J « 7 Hz. CH^). 3,80 (s. 3H. CH^). 3.97 (s. 
2H. CH^). 4.50 (s. 2H. CH^). 6.53 (d. IH. J « 
9H2. H6), 6.80 (d. 2H- J * 9 Hz . protons ortho to 
methoxy), 7.07 (d. IH, J = 9Hz, H7) 7-20 (d. 2H, J = 

15 9Hz. protons meta to methoxy). 

Anal. Calcd for C^gH^^O^ : C. 77.00: H. 6.80. 
Found: C. 77.64: H. 6.66. 

20 EXAMPLE 12 

2-(p-methoxybenzyl)-3-methyl-4-hydroxy-5-chloro-7- 
propylbenzof uran ■ 

25 a) Preparation of 2-hydroxy-3-chloro-6-allyloxy- 
acetophenone 

A mixture of 2. 6-dihydroxy-3-chloroaceto- 
phenone (1,2 gm; 6.2 mmoles). potassium carbonate 
30 (865 mg; 6.2 mmoles) and allyl bromide (562 ti1: 6.5 
mmoles) in acetone (30 mL) was refluxed for a period 
of two hours. The reaction mixture was cooled, 
filtered through Celite, and concentrated in vacuo . 
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The residue was chroma to graphed on silica gel uslag 
20% ethylacetate in hexane as eluent to yield 627 mg 
(45%) of 2-hydroxy-3-chloro-6-allyloxyacetophenone, 

5 WMR 2.74 (s. 3H. CH^}, 4.55 (d,J=6 Hz, 

ZB.OCR^'^, 5.40 (ra. 2H. CH^). 6.10 (m. IH. CH) . 
6.76 (d, J=9H2, 1H.H5). 7.43 (d.J= 9 HZ. IH. H4). 

b) Preparation of 2-(p-iaethoxyben2oyl)-3-methyl-4- 
10 allyloxy-S-chlorobenzofuran 

A mixture of 2-allyloxy-3-chloro-6-hydroxy- 
acetophenone (587 mg; 2.6 mmoles), potassium carbonate 
(357 mg; 2.6 mmoles) and p-methoxyphenacyl bromide 

15 (590 mg; 2.6 mmoles) in acetone (15 mL ) was refluxed 
for a period of 18 hours. The reaction mixture was 
cooled, filtered through Celite, and concentrated in 
vacuo. The residue was chromatographed on silica gel 
using 20% ethylacetate in hexane as eluent to yield 

20 2-(p-methoxybenzoyl)-3-methyl-4-allyloxy-5-chloro- 
benzofuran. 

■^H WMR 2.73 (S 3H, CH^), 3.88 (S. 3H. CH^), 
4.62 (d. 2H.J = 6HZ, CH^). 5.40 (m, 2H. CH^), 
25 6.16 (m, IH. CH^). 7.00 (d. 2H, J = 9H2, protons 

ortho to methoxy). 7,23 (d. J»9 Hz, IH. H6) , 7.41 (d, 
J= 9Hz, IH. H5). 8.08 (d. 2H, J « 9 Hz. protons ortho 
to carbonyl). 

30 c) Preparation of 2-(p-methoxybenzoyl)-3-methyl-4- 
hydroxy-5-chloro-7-allyl-ben2ofuran 
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A mixture of 2-(p-methoxybenzoyl)-3-methyl- 
4-allyloxy-5-chlotobenzof uran (400 mg; 1.12 mmoles) 
in ottho-dichlorobenzene (15 mL) was refluxed under 
nitrogen tot 1.5 hours. The reaction mixture was 
5 cooled to room temperature and purified by chromato- 
graphy on silica gel using 20% ethylacetate as eluent 
to yield 110 mg (27%) of 2-(p-methoxybenzoyl)-3- 
methyl-4-hydroxy-5-chloro-7-allylbenzof uran. 

10 NMR 2.79 (s 3H. CH^ ) . 3,54 (d. 2H.J = 6Hz . 

CH^). 3.90 (s. 3H. CH^). 5.15 (m, 2H. CH^), 
5.96 (m. IH. CH^). 6.96 (d. 2H, J « 9Hz . protons 
ortho to methoxy), 7.17 (s. IH, H6), 8.12 (d, 2H, J s 
9 Hz. protons ortho to carbonyl). 

15 

d) Preparation of 2-(p-methoxybenzoyl )-3-methyl-4- 
hydroxy-5-chloro-7-propylben2ofuran 

A solution of 2-(p-methoxybenzoyl)-3- 
20 methyl-4-hydroxy-5-chloro-7-aHylbenzofuran (110 mg; 
0.31 mmole) in ethanol (15 roL) was hydrogenated in a 
Parr apparatus at 20 psi in the presence of 5% 
palladium on charcoal. The catalyst was filtered off 
and the filtrate was evaporated in vacuo to yield 110 
25 mg of 2-(p-methoxybenzoyl)-3-raethyl-4-hydroxy-5- 
chloro-7-propylbenzofuran. 

"""H NMR 0.93 (t, J= 7 Hz. 3H. CH^). 1.70 (sextet, 
J=7 Hz, 2H. CH^). 2.38 (s, 3H, CH^). 2.76 (t, 
30 J=7HZ. 2H. CH^). 2.79 (s. 3H. CH^). 3.90 (s. 3H. 
CH^). 5.80 (s. IH, OH). 7.00 (d. J«9 HZ. 2H. 
protons ortho to methoxy), 7.15 (s, IH, H6 ), 8.10 
(d. J»9 Hz. 2H. proton meta to methoxy) . 
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e) Preparation oC 2-Cp-in©tlioxybenzyl)-3-methYl-4- 
hydroxy-B-ctiloco-V-propylbeazoCuran 

A solutioa of 2-Cp-methoxybeiizoyl)-3-methyl- 
5 4_hydroxy-5-ch.loro-7-propylbeazofuraii (90 mg; 0.25 

mmole). Hydrazine (80 uX) and potassium hydroxide C98 
mg) in ethylene glycol (2 mL) was heated at 145«C for 
a period of 5 hours. The reaction mixture was 
cooled, poured in water, and extracted with ether. 
10 The organic phase was. washed with 20% citric acid. 
With brine, dried (Na^SO^). and concentrated in 
vacuo . The residue was chromatographed on silica gel 
using 20% ethylacetate in hexane as eluent to yield 
47 mg (60%) of 2-Cp-methoxybenzyl)-3-methyl-4- 
15 hydroxy-S-chloro-T-propylbenzofuran. 

^ HMR 0.93 (t- J» 7 HZ, 3H, CH3). 1.66 (sextet. 
J=7 Hz. 2H. CH^). 2.36 Cs. 3H. CH^}. 2.70 (t. 
J=7H2. 2H. CH^), 3.78 (S. 3H. CH^). 4.00 (s. 2H. 
20 CH^). 5.50 (s. IH, OH). 6.84 (d. J=9 Hz. 2H. 

protons ortho to methoxy). 6.91 (s. 2H, H6 ). 7.15 
(d, J«9 Hz. 2H, proton meta to methoxy) . 

EXAMPLE 13 

2S 

2- (p-methoxybenzyl ) -3-methyl-6-hydroxy-7-propyl- 
benzof uran — - 

a) Preparation of 4-benzyloxy-3-propyl-2-hydroxy- 
30 acetophenone 



A mixture of 2.4-dihydroxy-3-propyl-aceto- 
phenone (5.8 gm; 30 mmoles). potassium carbonate (8.3 
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gm; 60 mmoles) and benzylbromide gm; 33 mmoles) 

in methylethylketone (60 mL ) was refluxed for a 
period of 4 hours. The reaction mixture was cooled, 
filtered through Celite. and concentrated in vacuo . 
5 The residue crystallized on stirring with hexane. It 
was filtered, washed with hexane. and air-dried to 
yield 6.67 gm (78%) 4-benzyloxy-3-propyl-2-hydroxy- 
acetophenone.. 

10 b) Preparation of 2-(p-methoxybenzoyl)-3-methyl-6- 
benzYloxy-7-propylbenzofuran 

Sodium hydride (0.66 gm: 27.5 mmoles) was 
added to an ice-cold mixture of 4-benzyloxy-3-propyl- 

15 2-hydroxyacetophenone (6.4 gm. 22.5 mmoles) and 

dimethylf ocmamide (64 roL) . After stirring for 30 
minutes, more sodium hydride (0.4 gm. 17.5 mmoles) 
was added, followed by p-methoxyphenacyl bromide 
(2.91 gm. 12.7 mmoles). The reaction was stirred for 

20 24 hours at room temperature. The mixture was poured 
on ice and a slight excess of hydrochloric acid was 
added. The resulting mixture was extracted with 
ether. The organic phase was separated, washed with 
water, dried (Na^SO^). and concentrated in 

25 vacuo . The residue crystallized from methanol. The 
solid was filtered, washed with methanol, and 
air-dried to yield 2- (p-methoxybenzoyl)-3-methyl- 
6-ben2yloxy-7-propylbenzofuran. mp. 105-106**C. 

30 c) Preparation of 2-(p-methoxybenzyl)-3-methyl-6- 
benzyloxy-7-propylbenzofuran 

A solution of 2-(p-methoxybenzoyl)-3- 
methyl-6-benzyloxy-7-propylbenzofuran (1.04 gm, 2.5 
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mmoles) ia ethanol ClOO ml.) was Hydtogeaated In a 
Pact uydcogenator in the preseace o£ 10% palladium on 
Charcoal foe a peciod of 24 hours. The catalyst was 
filtered off and the filtrate was concentrated in 
5 vacuo. The residue was purified by chromatography on 
silica gel and eluted with 25% ethylacetate in hexane 
to yield 110 mg of 2-(p-i!iethoxybenzyl)-3-niethyl-6- 
hydroxy-7-propylbenzofuran. 



10 



Si KMR 0,97 (t. 3H. J = 9 Hz. CH3). 1.63 (sextet, 
2H. J - 7 HZ. CH^), 2.17 (s. 3H. CH3). 2.80 (t. 
2H. J = 7 Hz. CH^). 3,80 (s. 3H. CH^) . 4.00 (S. 
2H. CH^). 4.63 (s. IH. OH). 6.70 (d. IH. J = 9 Hz, 
H5). 6.83 (d. 2H. J = 9 Hz. protons ottho to 
15 methoxy). 7.13 (d. IH. J = 9 Hz. H4). 7.17 (d. 2H,J » 
9 Hz. protons meta to methoxy) 



20 



FmagLE 14 



2-(p-methoxybenzyl)-3-iaethyl-4-acetoxy-5-propyl-7- 
f luorobenzoturan . : 

A solution of 2-(p-methoxybenzyl)-3-methyl-4- 
25 hydroxy-5-propyl-7-fluorobenzofuran (0.10 gm. 0.3 

mmoles). acetic anhydride (0.5 mL) and triethylamine 
(0.7 mL) in tetrahydrofuran (15 mL) was stirred at 
room temperature overnight. The volatiles wene 
removed in vacuo and the residue was purified by 
30 chromatography on silica gel and eluted with 15% 
ethylacetate in hexane to yield 90 mg (80%) of 
2-(p-methoxybenzyl)-3-methyl-4-acetoxy-5-propyl-7- 

f luorobenzofuran, mp. 85-88**C. 
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■*"H NMR 0.97 (t. 3H, J « 9 Hz, CH^), X.53 (sextet, 
2H, J 7 Hz, CH^). 2-17 (6, 3H. CH^), 2.40 (S. 
3H. CH^). 2.53 (t, 2H. J = 7 Hz, CH^), 3.77 (s, 
3H, CH^). 3.98 (6, 2H, CH^). 6.73 (m, 3H, H6 and 
5 protons ortho to methoxy) , 7.13 (d, 2H. J = 9 Hz, 
protons meta to methoxy) . 



EXAMPLE 15 

10 2-(p-mettioxybea;5yl)-5-methyl-4-acetoxy-5-propyl-7- 
chlorobenzofura ii 



A solution of 2-(p-methoxybenzyl)-3-inethyl- 
4-hydro3ty-5-propyl-7-chlorobenzof utan (0.10 gm, 0.29 

15 mmoles), acetic anhydride (0,5 mL) and triethylaraine 
(1.0 mL) in tetcahydrof uran (15 mL) was stirred at 
room tempei:atu;ce overnight. The volatiles were 
removed ijx yacj jo , The residue was purified by 
chromatography oh silica gel and eluted with 15% 

20 ethylacetate in hexane to yield 100 mg (91%) of 

2-(p-raethoxy-ben2yl)-3-methyl-4-acetoxy-5-propyl- 
7-chlorobenzol:uran, mp. 119-120**C. 

^H NMR 0.97 (t,. 3H, J 9 Hz, CH^). 1.53 (sextet, 
25 2H, a 7 Hz, i^-H^). 2.20 (S, 3H. CH^). 2.40 (S. 
3H, GHj). 2.53 (t, 2H, J = 7 Hz. CH^). 3.80 (s. 
3H, CH^). 4.00 (s, 2H, CH^), 6.80 (d, 2H, J « 9 
Hz, protons or tho to meithoxy)., 7.07 (s, IH, H6), 7.10 
(d, 2H, 3 $ Hz. protons meta to methoxy). 



30 
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EXAMPLE 16 

2 - ( p-me tUo xybe nzy 1 ) - 3 -me thy 1 - 4 -p r o py 1 - 5 -a ce toxv- 
beazofuraQ 

5 

A solution of 2-Cp-ni6thoxybenzyl)-3-metliyl-4- 
propyl-5-liydEoxy-benzofucan (1.2 gm. 3,87 mmoles). 
acetic anhydride (0.5 ml*) and tciethy lamine (1-0 mL) 
in tetcahydrofuran (15 ml.) was stirreca at room 
10 temperature overnight. The volatlles were removed in 
vacuo . The residue was purified by clnromatography on 
silica gel and eluted with 15% ethylacetate in hexane 
to yield 1*2 gm (79%) of 2-(p-methoxybonzyl)- 

3- methyl-4-propyl-5-acetoxyben20furan. mp, 3 9-41**C. 

15 

NMR 1.00 (t. 3H. J = 9 Hz. CH3). 1.57 (sextet, 
2H, J = 7 Hz, CH^), 2.28 (s. 3H. CH^). 2.30 (s, 
3H, Cni^), 2.78 (t, 2H. J « 7 Hz, CH^). 3.73 (s, 
3H. CH^), 4.00 (s, 2H, CH^). 6.80 (d. IH. J = 9 
20 Hz. H6). 6.83 (d. 2H» J = 9 Hz. protons ortho to 
methoxy). 7.10 (d, 2H, J = 9 Hz. protonis meta to 
raethoxy). 7.17 (d. IH. J « 9 Hz. H7) . 



25 



EXAMPLE 17 

2-(p-metho xy b e nzy 1 ) - 3 -me t hy 1- 4 - e tho xy c a c bo ny 1 o xy- 5 - 
T>ropyl-7-f luorobenzofuran 



A solution of 2-(p-methoxybenzyl)-3-methyl- 
30 4-hydroxy-5-propyl-7-f luorobenzofuran (0.10 gm. 0.3 
mmoles). ethyl chlorof orraate (0.1 mL) and ttiethyl- 
amine (0.7 mL) in tetrahydrofuran (15 mL) was stirred 
at room temperature overnight. The volatiles were 
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removed In vacuo . The residue was purified by 
chromatography on silica gel and eluted with 15% 
ethylacetate in hexane to yield 90 mg (80%) of 
2-Cp-methoxybenzyl)-3-methyl-4-ethoxycarbonyloxy- 
5 5-propyl-7-f luorobenzofuran. mp. 85-88*0. 

NMR 0.97 (t. 3H, J « 9 Hz. CH^). 1.53 (sextet. 
2H. J = 7 Hz. CH^), 2.X7 (S. 3H. CH^). 2.40 (S. 
3H. CH^), 2.53 (t, 2H. J = 7 HZ. CH^). 3.77 (s, 
10 3H. CH^). 3.98 (6. 2H, CH^). 6.73 (m. 3H. H6 and 
protons ortho to methoxy) , 7.13 (d, 2H. 3^9 Hz. 
protons meta to methoxy) . 



15 



ETtAMPLE 18 

2- ( p-methoxyt)enzyl ) -3-methyl -4-ethoxycarbonyloxy- 5- 
propvl-7-*chlorobenzofuran J__ 



A solution of 2-(p-methoxybenzyl)-3-methyl- 
20 4-hydroxy-5-propyl-7-chlorobenzof uran (0.10 gra. 0.29 
mmoles). ethyl chlorof ormate (0.1 mL) and tciethyl- 
amine (1.0 mL) in tetrahydrofuran (15 raL) was stirred 
at room temperature overnight. The volatiles were 
removed in vacuo . The residue was purified by 
25 chromatography on silica gel and eluted with 15% 
ethylacetate in hexane to yield 100 mg (91%) of 
2-(p-methoxybenzyl)-3-methyl-4-ethoxycarbonyloxy-5- 
propyl-7-chloroben20furan. rap. 99-100*c. 

30 ^H NMR 0.97 (t, 3H. J = 9 Hz. CH^). 1.53 (sextet. 
2H. J = 7 Hz. CH^). 2.20 (s. 3H. CH^). 2.53 (t, 
2H. J - 7 HZ. CH^), 3,78 (S. 3H. CH^). 3.98 (6. 
3H. CH^). 4.07 (s. 2H. CH^), 6.87 (d. 2H. J * 9 
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Hz. protons ortlio to methoxy) . 7.17 (s. IH, H6), 7.20 
(d. 2H. J « 9 Hz. protons meta to methoxy) . 

EXAMPLE 19 

5 

2-(p-metlioxybenzyl)-3-raethyl-4-propyl-S-etUoxy- 
cacbonyloxy-benzofuran 

A solution of 2-(p-meth.oxybenzyl)-3-iaethyl-4- 
10 pcopyl-B-hydroxybenzofuran (1.2 gm. 3.87 mmoles). 

ethyl chlocof ormate (0.1 mL) and triethylamine (1.0 
mL) in tetrahydrofuran (15 mL) was stirred at coom 
temperature overnight. The volatiles were removed in 
vacuo . The residue was purified by chromatography on 
15 silick gel and eluted with 15% ethylacetate in hexane 
to yield 1.2 gm (79%) of 2-(p-methoxybenzyl)-3-methyl- 
4-propyl-5-ethoxycarboayl^xybenzofuran. mp. 51-53«*c. 

^ NMR 1.00 (t, 3H. J « 9 Hz. CH^). 1.60 (sextet* 
20 2H. J - 7 Hz. CH^). 2,33 (s. 3H. CH^). 2.83 (t. 
2H. J = 7 Hz. CH^). 3.80 (S. 3H. CH^). 3.93 (s. 
3H, CHg). 4,00 (S. 2H. CH^). 6.80 (d. IH, J = 9 
Hz, H6)» 6.90 (d. 2H, J = 9 Hz. protons ortho to 
methoxy), 7.18 (d, 2H, J « 9 Hz. protons meta to 
25 methoxy). 7.23 (d. IH. J = 9 Hz. H7). 

EXAMPLE 20 

2-(p-methoxybenzyl)-3-methyl-4-hydroxy-5-propyl-7- 
30 bromobenzofura^ 



A solution of 2-(p-methoxybenzyl)-3-methyl-4- 
hydroxy-5-ptopyl-benzofuran (1 gm; 3.22 mmoles) in 
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ntethylene chloride (30 roL) was cooled at 0®C and 
bromine (0.52 gm: 3.22 mmoles) In methylene chloride 
(10 vah) was added dropwise. The reaction mixture was 
stirred for 15 minutes. The reaction mixture was 

5 washed with a saturated sodium bicarbonate solution, 
dried (Na^SO^), and concentrated In vacuo . The 
residue was purified by preparative TLC, eluting with 
15% ethylacetate in hexane to yield 2- (p-methoxy- 
ben2yl)-3-raethyl-4-hydroxy-5-propyl-7-bromo 

10 benzofuran. mp. 110-112«C. 

NMR 0.98 (t. J« 7 Hz, 3H, CH^), 1.63 (sextet, 
J=7 Hz. 2H. CH^). 2,36 (s, 3H, CH^), 2.55 (t. 
J«7HZ. 2H. CH^). 3.78 (s. 6H. CH^), 4.00 (s, 2H, 
15 CH^), 4.97 (S. IH. OH). 6.83 (d. J=9 Hz. 2H. 

protons ortho to methoxy), 7.07 (s, IH, H6), 7.17 (d, 
J:=:9 Hz« 2H, proton meta to methoxy) . 



20 



EXAMPLE 21 

2-(p-methoxybenzyl)-3.7-dimethyl-4-hydtoxy-5-propyl 
benzofuran 



a) Preparation of 2-(p-methoxybenzyl)-3-methyl-4- 
25 hydroxy- 5-propyl-7-dimethylaminomethylbenzofuran 

A solution of 2-(p-methoxybenzyl)-3-methyl- 
4-hydroxy-5-propyl-benzofuran (155 mg gro: 0.5 mmole) 
in methylene chloride (2 mL) was reacted with 
30 Bschenmoser ' 5 salt (dimethyl -methylene ammonium 
iodide) (105 mg: 0.5 mmole) overnight at room 
temperature. The reaction mixture was concentrated 
in vacuo . The residue was taken up in ethylacetate. 
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potassium carbonate was added and the mixture was 
stirred for a period of 15 minutes. The solids were 
separated and the ethylacetate solution was 
evaporated to yield 228 mg of 2-(p-methoxyben2yl)- 
5 3_iaethY'l-4-hydroxy-5-propyl-7-dimethylaminomethyl- 
benzofuran. 

■^H NMR 0.98 (t. J= 7 Hz, 3H. CH^). 1-70 (sextet. 
J^7 Hz, 2H. CH^). 2-33 (s, 6H, CH^N) . 2.43 (6, 
10 3H, CH^), 2.63 (t, J«7Hz, 2H. CH^) . 3.73 (s. 2H. 
Cft^N). 3-83 (S. 3H. CH^O), 4.07 (s. 2H. CH^). 
4.90 (s. IH. OH), 6.90 (d. J=9 Hz, 2H, protons ortho 
to methoxy). 6.93 Cs, IH, H6), 7.23 (d, J=9 Hz. 2H. 
proton meta to methoxy). 

15 

b) Preparation of 2-(p-methoxybenzyl)-3,7-dimethyl-4- 
hydroxy-5-propylbenzofuran 

To a solution of 2-(p-methoxybenzyl)-3- 
20 ittethyl-4-hydroxy-5-propyl-7-dimethylaminomethylbenzo- 
Suran (0.2 gm; 0.54 mmole) in ethanol (5 mL) was 
added sodium borohydride (0.2 gm, 5,45 mmoles) and 
the reaction mixture was refluxed for 10 minutes. 
The reaction mixture was cooled, poured in a 
25 saturated solution of ammonium chloride, and 

extracted with ether- The organic phase was washed 
with with brine, dried (Na^SO^). and concentrated 
jg vacuo - The residue was chromatographed on silica 
gel using 20% ethylacetate in hexane as eluent to 
30 yield 160 mg (91%) of 2-(p-methoxybenzyl)-3 ,7- 

dimethyl-4-hydroxy-5-propylbenzofuran, mp. 102-104*C. 
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H NMR 0.98 (t, J= 7 Hz, 3H. CH^), 1.67 (sextet. 
J=7 Hz. 2H, CH^). 2.37 (s, 3H. CH^ ) , 2.43 (s. 3H. 
CH^). 2.63 (t, J=7H2, 2H. CH^). 3.78 (s, 3H, 
CH^). 4.00 (S, 2H, CH^). 4.60 (s. IH, OH). 6.73 
5 (8. IH. H6). 6.83 (d. J=9 H2. 2H. protone ortho to 
methoxy), 7.20 (d. J=9 Hz. 2H. proton meta to 
met boxy) . 

Anal. Calcd foe ^21^24^3* ^' ''''•''3: H. 7.46; 
10 Found: C. 77.88: H, 7.55. 

EXAMPLE 22 

2-(p-niethoxybenzyl)-3-methyl-4-hydroxy-5.7-dipropyl 
15 benzof uran 

a) Preparation of 2-(p-jnethoxybenzoyl>-3-methyl-4- 
hydroxy-5,7-dipropylbenzofuran 

20 A mixture of 2. 6-dihydroxy-3. 5-dipcopylaceto- 

phenone (3.38 gm: 14.3 mmolee), potassium carbonate 
(1.97 gm: 14.3 mmoles) and p-methoxy-phenacylbromide 
(3.27 gm; 14.3 ramoles) in acetone (50 ml.) was 
refluxed for a period of eighteen hours. The 

25 reaction mixture was cooled, filtered through Celite. 
and concentrated in vacuo . The residue was 
chromatographed on silica gel using 20% ethylacetate 
in hexane as eluent to yield 0.40 gm (8%) of 

2-(p-methoxybenzoyI)-3-methyl-4-hydroxy-5.7-dipropyl- 
30 benzofuran. mp. 119-121«C. 

■^H NMR 0.93 (t. J« 7 Hz. 3H. CH^). 0.98 (t, Jo 7 
Hz, 3H. CH^). 1.66 (sextet. J=7 Hz. 4H. CH^). 
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2.60 (t. J-7H2. 2H. CH^) . 2.70 (t, J=7H2, 2H, 
CH )/ 2.80 (S. 3H. CHjjr 3.90 (S. 3H, CH^). 
5.00 (s. IH. OH). 6,93 (s, IH, H6) . 6.98 (d. J=9 Hz, 
2H, pcotojei OEtUo to metlioxy). 8.13 (d. J« 9H2, 2H, 
5 proton ortho to carbonyl). 

b) Preparation of 2-{p-iaethoxyben2yl)-3-metliyl-4- 
liydroxy-5 . 7-dlpEopylbenzof tiran 

xo a. mixture of 2-(p-niethoxybenzoyl)-3-metliyl- 

4-liydEoxy-5.7-dipropylbenzofuraa (0.30 gm: 0.80 
mmoles). 99% hydrazine (0.2 mL), potassium hydroxide 
(0.40 gm; 7 mmoles) in ethylene glycol (10 ml*) was 
heated at 140*"C for a period of 2.5 hours and at 

15 195 **C for one hour. The reaction mixture was cooled, 
poured into water, and extracted with ethylacetate. 
The organic phase was washed with 20% citric acid* 
with b tine, dried (Na^SO^). and concentrated in 
vacuo . The residue was chroma tographed on silica gel 

20 using 20% ethylacetate in hexane as eluent to yield 
140 mg (50%) of 2-Cp-xnethoxybettzyl)-3-methyl-4- 
hydroxy-5.7-dipropylbenzofuran. mp. 70-72 *»C. 



0.93 (t, J* 7 Hz. 3H. CH^) . 0,98 (t. J- 7 
25 Hz. 3H. CH^). 1.63 (sextet. J-7 Hz. 2H. CH^), 

X.68 (sextet. J =7 Hz. 2H. CH^). 4H. CH^)* 2,38 ( 
S. 3H. CH^). 2.60 (t. J« 7 Hz. 2H. CH^) . 2.68 (t. 
J= 7 H2. 2H. CH^), 3,77 ( s. 3H. CH^). 3.93 ( 6. 
2H. CH^). 4.70 ( s. IH. OH). 6.70 ( 6. 2H. H6 and 
30 H7). 6.80 (d. J«9 Hz, 2H. proton ortho to methoxy). 

6.90 (6. IH. H6), 7.17 (d. J= 9Hz. 2H. proton meta to 
methoxy). 
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Anal- Calcd for C^^H„„0, : 
20 22 3 

Found: C. 77.82: H. 7.70. 



C, 78,37: H, 8.00: 



EXAMPLE 23 



. 5 



2-(p-methoxyben2yl)-3-methyl^4-hydroxy-5-propyl-7- 
chlorobenzof uran 



10 



a) Preparation of 2. 6-dihydroxy-3-propyl-5-chloro- 
acetophenone 



A mixture of 2. 6-dihydroxy-3-propylaceto- 



phenone (40 gm. 0.206 mole) and N^chlorosuccinimide 
(40 gm: 0.300 mole) in methylene chloride (3 liters) 

15 was stirred at room temperature for a period of two 

days. The reaction mixture was poured onto a 3 liter 
fritted-disk funnel filled with silica gel and 
elution was carried out with methylene chloride. 
Evaporation of the filtrate yielded 2. 6-dihydroxy-3- 

20 propyl-5-chloroacetophenone: m.p.: 64-65*»C. 



25 chloro).13.13 (s, IH. OH) . 

b) Preparation of 2-carboethbxymethoxy-6-hydroxy-3- 



propylacetophenone (38.5 gm. 0.169 mole), ethyl 
bromoacetate (16.6 ml: 0.169 mole) and potassium 
carbonate (23.24 gm; 0.169 mole) in acetone (3 liters) 




chloco-5-propylacetophenone 



30 



A mixture of 2. 6-dihydroxy-5-chloro-3- 
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was refluxed far a period of 2.5 hours. The reaction 
mixture was filtered through CeXite and the filtrate 
was concentrated in vacuo . The residue was purified 
by chromatography on silica gel and eluted with 5% 
5 ethyl acetate in hexane to yield 2-carboetho3cymethoxy- 
6-hydroxy-3-chloro-5-propylacetophenone. 

^ NMR 0.93 (t, J= 7 Hz. 3H. CH^). 1.30 (t, J=7 
Hz, 3H, CHj. 1.63 (sextet, J«7 Hz, 2H, CH^) . 2 .57 
10 Ct, J=7Hz, 2H, CH^). 2.77 (s, 3H, CH^). 

CH2).4.27 (q. J=7 Hz, 2H, CH^O) • 4.73 (S, 2H. 
CH^)^ 7.23 (s, IH, proton ortho to chloco) ,12,50 
Cs. IH. OH). 

15 c) Preparation of 2-carboethoxy-3-methyl-4-hydroxy-5- 
propyl-7-chlprobeazofucaii. 

To a solution of 2-carboethoxymethoxy-6- 
hydroxy-3-chloro-5-propylacetophenone (43 gm: 0.136 

20 mole) in freshly-distilled absolute ethanol (1.2 
liter) was brought to reflux and a IM solution of 
sodium ethoxide (273 mL: 0.273 mole) was added 
rapidly. The reaction mixture was refluxed for a 
period of 1 hour. It was cooled to room temperature 

26 and pouted into 0.5N hydrochloric acid and extracted 
with ethylacetate . The organic phase was dried 
(Na^SO^). and concentrated in vacuo . The residue 
was chroma tographed on silica gel and eluted with 15% 
ethylacetate in hexane to yield 22.0 gm of 2-carbo- 

30 ethoxy-3-methyl-4-hydroxy-5-propyl-7-chloro- 
benzofuran: m.p.: 165-166**. 
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H NMR X.OO (t, J« 7 Hz. 3H. CH^). 1.25 (t. 3=7 
Hz. 3H, CH^. 1.63 (SQXtet. Jo? HZ, 2H, CH^ ) . 2.57 
(t, J==7Hz, 2H. CH^). 2.76 (S. 3H. CH^). 
CH2).4.4.3 (q, J=7 Hz, 2H. CH^O). 5.19 (S. IH, 
5 OH). 7.15 (s. IH. pcoton ortho to chloro). 5.19 (s, 
IH. OH) . . ' 

3-iaethyl-4-hydroxy- 5 -propyl -7-chlorobenzo- 
furan was also obtained; m.p.: 49-50'C. 

10 

^H NMR 0.97. (t. J« 7 Hz. 3H. CH3). 1.60 (sextet. 
J=7 Hz. 2H. CH^). 2.32 (s, 3H. CH^). CH^). 2.50 
(t. J=7Hz. 2H. CH^)/ 4.97 (s, IH. OH) . 6.93 (s. IH. 
proton ortho to chloro). 7.20 (s. IH. H2). 

15 

Anal. Calcd for ^i^2^^%^'^^2' ^' ^* 6.20; 

CI. 15.72. Pound: C. 64.14: H. 5.79; CI. 15.81. 

d) Preparation of 3-methyi-4-hydroxy-5-propYl-7- 
20 chlorobenzof uran carboxylic acid 

To a solution of 2-carboethoxy-3-methyl-4- 
hydroxy-5-propyl-7»ohlorobenzofuran (22 gin. 0.074 
mole) la methanol (1.2 liter) was added 2N sodium 

25 hydroxide (120 m^,) and the resulting solution was 
refluxed for a period of 6 hours. The reaction 
mixture was concentrated in vacuo . The residue was 
acidified with 3N hydrochloric acid and then 
extracted with ethylacetate . The organic phase was 

30 dried (Na^SO^). concentrated in vacuo , and 

3-inethyl-4-hydroxy-5-propyl-7-chlorobenzofurancarbox- 
ylic acid (17 gm;' 88%) was isolated by filtering the 
solid after suspending In hexane: m. p. : 200-203«c. 
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NMR 0.97 (t. J= 7 H2, 3H. CH3). 1.60 (sextet. 
3^7 HZ, 2H, CH^). 2.60 (t. J=7El2. 2H, CH^). 2.80 
(s. 3H. CH3). 7-33 (s. IH, protoQ ortho to chloco). 
7.60 CS. IH. OH). 

5 

e) Preparatioa of 3-methyl-4-Iiydroxy-5-pr:opyl-7- 
chlorobenzofuran 

H mixture of 3-methyl-4-liydroxy-5-ptopyl- 
10 7-clLlorobanzofucaii carboicyilc acid (0.93 gm; 3.7 

mmoles), toluene (25 mL) . 6K hydrocKloric acid (20 
mM* ION HCl (100 ml») aad acetic acid (30. ml) was 
cefluxed for a period of 18 hours. The two phases 
were separated and the organic phase was dried 
15 (Na SO^). and concentrated in vacuo to yield 

3-methyl-4-hydro3cy-5-propyl-7-chloroben2ofuran (0.62 
gm; 80%). identical to the product obtained from the 
cyclieatton reaction described above in Step C- 

20 f) Preparation of 2-(p-methoxybenzoyl)-3-methyl- 

4-(p-iaethoxybenzoyloxy)-5-propyl-7-chlorobenzofuran 

A solution of p-anisoyl chloride (3.5 gm; 
20.5 mmoles) in ethylene dichloride (10 mL) was added 

25 slowly to a cooled suspension of aluminium chloride 
(4.0 gm; 30 mmoles) in ethylene dichloride (100 mL) . 
After stirring for a period of 10 minutes, 3-methyl- 
4-hydroxy-5-propyl-7-chlorobenzofuran (1.14 gm; 5 
mmoles) in dichloroethylene (5 mL) was added over a 

30 period of 2 minutes. The reaction mixture was 
stirred at room temperature for 1 hour. It was 
cooled with an ice-bath and ice was added slowly. 
When the vigorous reaction subsided, the organic 



28e2P/1043A 
2884P/1045A 



- 93 - 



0165810 

17141IA 



layer was separated and the aqueous phase was 
extracted with methylene chloride. The organic 
phases were combined, dried (Na^SO^), and 
concentrated in. vacuo . The residue was 
5 chromatographed on silica gel and eluted with 10% 
ethylacetato in hexane to yield 1-92 gm (78%) of 
2- (p-methoxi/benzoyl) -3-methyl-4- (p-methoxybenzoyloxy) - 
5-propyl-7-chlprobenzof uran. mp. loa-lOB^C. 

10 "^H NMR 0.97 (t. J= 7 Hz. 3H. CH^ ) . 1.63 (sextet, 
J=7 Hz, 2H,, CH^). 2.55 (s. 3H. CH^). 2.63 (t, 
J-7HZ, 2H, .CH^). 3.93 (s, 6H, CH^), 7.07 (d. J-9 
Hz, IH. proton or tfep to methoxy) . 7,13 (d, J=9 Hz. 
IH, proton (S^rtho to methoxy) , 8.23 (d, J=9 Hz, IH. 

15 proton ortho' to methoxy), 7.27 (d, J=9 Hz, IH, proton 
ortho to metlfLOxy) . 



Anal. Calcd for C^oHai^-^^s' ^' 69.66; H. 6.13; CI. 10.28 
Found: C, 69.80: H, 6.18; CI, 10,23 



20 



g) Preparation of 2-<p-methoxybenzyl)-3-methyl-4- 
hydroxy-5-pjrQpyl--7-chlorobenzofuran 

\ . 

To an! ice-cold suspension of aluminium 
25 chloride (467 i^n^. 3.5 mmoles) In ether (100 mL) was 
added slowly lijithv^m aluminium hydride (570 mg, 15 
mmoles). After: stir^ng for a period of 10 minutes, 
2-(p-i[iethoxyberi2yl)-3-^ethyl-4-hydroxy-5-propyl-7- 
chlorobenzofuran (491 mgi, 1 mmole) in ether (10 mL) 
was added over a period o^if 2 minutes. The reaction 
mixture was stirred at rooVn temperature for 10 
minutes. It was cooled wit;h an ice-bath and ice was 

v 

added slowly. When the vigorous reaction subsided. 



30 
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the organic layer was separated and the aqueous phase 
was extracted with ether. The organic phases were 
combined, washed with brine, dried (Ka^SO^), and 
concentrated in vacuo . The residue was chromato- 
5 graphed on silica gel and eluted with 10% ethyl 

acetate in hexane to yield 0.30 gm C87%) of 2-Cp- 
methoxybenzoyl ) -3-niethyl-4"hydr o3cy-5 -pr C'pyl-7- 
chlorobenzof uran, tap. 103-105 C. 

10 -^H KMR 1.00 (t. J« 7 Hz, 3H. CH^). 1.64 (sextet. 

J«7 Hz, 2H, CH^}. 2.39 (s, 3H. CH^). 2-57 (t. 

J^7Hz, 2H, CH^)- 3.79 (s, 6H, CH^)r 4.03 (S, 2H. 

CH^). 6.84 (d, J*9 Hz, IH, proton ortho to 

methoxy), 6.93 (s, IH, proton ortho to chloro), 7,18 
15 Cfi. J«9 Hz, IH, proton meta to methoxy) . 

filial. Calcd for C^^H^^CIO^: C, 69.66; H, 6.13; Ci, 10.28 

Found: C, 69.80:. H, 6.18; CI, 10.23 

20 Following the procedure of E.xample 23, step 

<e), the compounds of Table 23-1 were^ prepared from 
the appropriate precursor acids described in U.S. 
Set. No. 661,645, filed October 17, 1^384 (Attorney 
Docket No. 16960IA). 

25 
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TABLE 23-1 



HI 


R2 
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X 


Y 




M.P. («»C) 


Me 


H 


5 . e-OCH^O 


0 


H 
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Me 
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4-OHe 
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7-Pr 


H 


OIL 


Me 


H 


7 -OH 


0 


H 


H 
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Me 


H 


4 -OH 


o 


7-Pr 


H 


65-66 


Me 


H 


5-OH 


0 


H 


H 


84-5 


Me 


H 


4 -OH 
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5-allyl 


H 


OIL 


Pr 


H 


4 -OH 


0 


H 


H 


35-36 


Pr 


H 


4-allyl 


0 


H 


H 


OIL 


Pr 


H 


4-OH 


o 


5-allyl 


H 


OIL 


He 


H 


5-Oallyl 


0 


H 


H 


OIL 


Me 


H 


5-OH 


0 


4-allyl 


H 


65-67 


Me 


H 


5-OH 


0 


4-Pr 


H 


83-85 


Me 


H 


4-OH 


o 


5-Pr 


H 


35-36 




H 


4-OH 


o 


H 


H 


OIL 


Me 


H 


4-OH 


o 


H 


H 


110-112 
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EXAMPLE 24 

:?-(p-mettL0gvbenz\rl)-3-methvl -5-hvdroxyben20fucan 

5 a) Preparation of 2-(p-mettioxyben2oyl)-3-methyl-5-(p- 
me tUoxyptienacyloxy) -benzof uran 

a mixture of 2.5-diliydroxyacetoplieaone (2-78 
qm: 18.3 mmolfes), potassium carbonate (5.06 gm; 36.6 

10 mmoles) and p-methoxyphenacyl bromide (8,4 gm. 36.8 

mmoles) in acetone (100 mL} was ref luxed for a period 
of 18 hours. Ttte reaction mixture was. cooled, 
filtered through Celite. and concentrated in vacuo . 
The residue was taKen up in a minimum volume of 

15 acetone and the solution was left to crystallize. 
The crystals were filtered, washed with cold 
ethylacetate. and air-dried to yield 4.0 gm (51%) of 
2-(p-methoxybenzoyl)-3-methyl-5-(p-methoxyphenacyl- 

oxy) -benzof uran. mp. 155-157*C- • 



20 



25 



^HIMR 2.60 (S. 3H. C3I3). 3.93 (S. 6H. CH^). 
5.30 (6, 2H. CH^)* 7.00 (m. 4H. protons ortho to 
methoxyl). 7.20 (m. 2H. H6 and H7). 8.10 (t. 2H. J 
9 Hz. protons meta to methoxy) . 

Anal, calcd for ^-^-^2^Z' ^' ''2-54: H. 5.15. 
Found: C. 72.57: H, 5.22. 



b) Preparation of 2-(p-methoxyben2yl)-3-methyl-5- 
30 hydroxybenzof uran 
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A mixture of 2-(p-methoxyben2oyl )-3-raethyl-5- 
(p-methoxyphenacyloxy)-benzofuran (5.35 gm. 12.4 
mmoles) and zinc dust (5.3 gm) in acetic acid (200 
mL) was stirred at room temperature overnight. The 

5 solids were filtered off and washed with some 

ethylacetate. The filtrate was concentrated in vacuo 
and the residue was chromatographed on silica gel 
using 20% ethylacetate in hexane as eluent to yield 
0.85 gm (26%) of 2-(p-methoKybenzyl)-3-methyl-5- 

10 hydroxybenzofuran* mp. 128-131*C. 

■"•H NMR 2.17 (s. 3H. CH^). 3,70 (s. 3H. CH^), 
3.93 (s, 2H. CH^). e.90 (m. 7H, aromatic protons) 

15 Anal. Calcd for C^^H^gO^' C. 76.09; H. 6.01. 
Found: C. 76,36: H, 6,37. 

EXAMPLE 25 

20 2-(p-methoxybenzyl)-3-methyl-4-hydroxy-5-propyl-7- 
f luor obenzof uran 



a) Preparation of 2-hydroxy-6-allyloxyacetophenone 

25 A mixture of 2 , 6-dihydroxyacetophenone ( 300 

gm: 1.97 moles), potassium carbonate (271 gm: 1.97 
moles), and allyl bromide (271 mLs; 2.25 moles) in 
acetone ( 10 liters) was refluxed for a period of 3 
hours. The reaction mixture was cooled, filtered 

30 through Celite and concentrated in vacuo . The 
residue was chromatographed on silica gel using 
toluene as eluent to yield 305 gm (80%) of 
2-hydroxy-6-allyloxyacetophenone. mp. 54-55*C. 
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^ NMR 2.40 (s/ 3H. CH^). 4.57 (d,J«6 Hz. 
2H,OCH2). 5.57 (m. IH. CH) . 6.33 (m. 2H. CH^. 
6.62 (d. J=r9Hz, IH. protoa ortho to hydroxyl), 6.83 
(d,J« 9 Hz. IH, protoa ortho to allyloxy) , 7.72 (t. 
5 j«9 Hz, IH, praton para to acetyl). 

Ztnal. Calcd for ^i^'^2*^2' ^" ^" ^-25. 

Found: C. 68.66; H, 6.54- 

10 b) Preparation of 2. 6-dihydroxy-3-allyIacetophenone 

2-hydroxy-5-allyloxyacetoplienone (30 gm: 
0.156 mole) was heated under nitrogen at 190**C for a 
period of 10 minutes. The mixture was cooled and 
15 taken up into carbon tetrachloride to yield 

2,6-dihydroxy-3-allylacetopheaone. mp 67-68*C in 
quantitative yield. 

Si HMR 2.77 (s. 3H. CHj). 3.37 (d.J^6 Hz. 
20 2H.OCH2), 5.37 (m, IH, CH) . 6.00 (m. 2H. CH^. 

6.33 (d* J==9H2. IH. proton ortho -to hydrojcyl). 7,17 
(d.J= 9 Hz, IH, proton meta to hydroxy). 

Anal. Calcd for ^^^^^2^^' ^' ^' 
25 Found: C, 68.90: H. 6,21. 

c) Preparation of 2, 6-dihydroxy-3-propylacetophenone 

2i 6-dlhydroxy-3-allylacetophenone (30 gm; 
30 0.156 mole) dissolved in ethanol (150 mL) was 

hydrogenated In a Parr apparatus in presence of 5% 
palladium on carbon. The catalyst was removed by 
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filtration and the filtrate was concentrated to 
dryness to yield 30 gm of 2. 6-dihydroxy-3-propyl- 
acetophenone, mp. 76-78'*C. 

5 ■**H NMR 0.97 (t. J= 7 Hz, 3H. CH3). 1.60 (sextet, 
J«7 Hz, 2H, CH^). 2.53 (t, a=7Hz, 2H. CH^). 2.73 
(s. 3H. CH^), CH^). 6.30 (d. J=9Hz. IH. proton 
ortho to hydroxy). 7.13 (d.J= 9 Hz. IH. proton meta 
to hydroxy), 

10 

Anal, calcd for C^j^H^^^O^: C. 68.04; H. 7.21. 
Found: C. 68.05: H. 7.34. 

d) Preparation of 2, 6-dihydroxy-3-propyl-5-f luoro- 
15 acetophenone 

Method 1.) A solution of 2, 6-dihydroxy-3-propyl- 
acetophenone (194 mg; 1 mmole) in Freon (fluoro-tri- 
chloromethane) (30 mL) was cooled at -78**C and 
trif luoromethylhypof luorite was bubbled through the 
solution slowly, monitoring the reaction by TLC until 
about half of the material has reacted. The mixture 
is poured onto a silica gel column and elution with 
15% ethylacetate in hexane gave 40 mg of 
2,6-dihydroxy-3-propyl-5-f luoroacetophenone. 

^H WMR 0,93 (t. J= 7 Hz. 3H. CH^), 1.67 (sextet, 
J-7 Hz, 2H. CH^). 2.57 (t, J=.7Hz, 2H, CH^), 2.80 
(s, 3H. CH^), 6.18 (d. J=6 Hz, IH, OH ortho to 
30 fluoro). 7.13 (d, J=ll Hz. IH. proton ortho to 
f luoro) . 



20 



25 



Method 2a.) Preparation of 2, 6-dimethoxy-3-propyl-5- 
f luoroacetophenone 
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A solution of 2.6-diniethoxY-3-propylaceto- 
pheaoae (21.0 gm: 94.6 mmoles) in Freon (30 mh) was 
cooled at -.78*C and trif luotoraethymypof luorite was 
bubbled through the solution slowly, monitoring the 

S reaction by TLC until about 75% of the matecial has 
reacted. The mixture is poured onto a silica gel 
column and elution with 15% ethylacetate in hexane 
gave 11.1 g of 2, 6-dimethoxy-propyl-5-f luoroaceto- 
phenone and 9.0 gm of unreacted 2,6-dimethoxy-3- 

10 propylacetophenone , 

^ HMR 0.97 (t, J= 7 Hz, 3H. CH3), 1.67 (sextet. 
3^7 HZ. 2H, CH^}. 2.50 (t. J-7H2. 2H. CH^). 2.50 
CS. 3H. 3,70 (s. 3H. CH^) 3-82 (d, J - 3 

X5 HZ. 3H. CHJ3), 6-90 Cd. J=ll Hz. IH. proton ortho to 
f luoro) . 

2b.) Preparation of 2.6-dihydroxy-3-propyl-5-f luoro- 
acetophenone 

20 

To a solution of 2. 6-dimethoxy-3-propyl-5- 
f luoroacetophenone (3.0 gm; 12.5 mmoles) in methylene 
chloride (32 mL) cooled to -78*C, was added dropwise 
over a period of 1 hour a IM solution of boron 

25 tribromide (56 mL; 56 mmoles) The temperature was 

allowed to rise to room temperature and the reaction 
mixture was stirred for 3 hours. It was then cooled 
to -78*»C and methanol (20 mL) was added rapidly. The 
resulting solution was poured in water, the phases 

30 were separated and the aqueous phase was extracted 
with methylene chloride- The organic phases were 
combined, washed with brine, dried (Na^SO^). and 
concentrated ia vacuo . The residue was chromato- 
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graphed on silica gel and eluted with 7% ethylacetate 
in hexane to yield 1.5 gia (5B%) of 2, 6-dihydto3cy- 
3 -propyl -5-fluoroacetophenone. 

& NMR 0.93 (t, J- 7 HZ, 3H, 1.63 (sextet. 

J»7 Hz. 2H. CH^). 2*50 (t. J«7Hz. 2H. CH^). 2.73 
(8« 3H, CH3). 5.93 (d« J«6 Hz, IH, OH). 7.10 (d. 
J=ll Hz. IH. proton ortho to fluoro). 

10 e) Preparation of 2-carboethoxymethoxy-6-hydroxy-3- 
propyl-5-f luoroacetophenone 

A mixture of 2. 6-dihydroxy-5-f luoro-3-propyl- 
acetophenone (3.5 gm. 16.5 nunoles). ethyl bromoacetate 

15 (2.0 ml: 18.1 mmoles) and potassiura carbonate (2.27 
gm; 16.5 mmoles) in acetone (1 liter) was refluxed 
for a period of 0.5 hour. The reaction mixture was 
filtered through Celite and the filtrate was , 
concentrated ii;^ vacuo to yield a residue that 

20 purified by chromatography on silica gel. Elution 
with 10 % ethyl acetate in hexane yielded 4.2 gm 
(86%) of 2-carboethoxymethoxy-6-hydroxy-3 -propyl - 
5-f luoroacetophenone. 

25 ^H NMR 0.93 (t. Jo 7 Hz. 3H. CH3), 1.27 (t, J=7 

Hz. 3H. CH3. 1.63 (sextet. J»7 Hz. 2H. CH^). 2.53 

(t, J«7Hz. 2H. CHg), 2.77 (s. 3H. CH^). 

CH2),4.20 (q, J«7 Hz. 2H, CH^O) , 4.80 (s. 2H. 

CH^)^ 7.03 (d. J 11 Hz. IH. proton ortho to 
30 fluoro). 
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f) Preparation of 2-carboethoxy-3-inethyl-4-hydroxy-5- 
propYl-7-f l^orobenzofuran. 

A solution of 2-carboethoxy-3-inethyl-4- 
5 hydroxy-5-propyl-7-fluorobenzoftiran (15 gm; 50.0 

mmoles) in freshly-distilled absolute ethanol (0.5 
liter) was brought to reflux and a IM solution of 
sodium ethoxide (100 mL: 100 mmoles) was added 
rapidly. The reaction mixture was refluxed for a 
10 period of 1 hour- It was cooled to room temperature 
and poured into 0.5N hydrochloric acid and extracted 
with ethyl acetate. The organic phase was dried 
(Ma^SO^). concentrated in vacuc and the residue 
was chromatographed on silica gel. Elution with 10% 
15 ethylacetate in hexane yielded 9.0 gm of 

2-^carboethoxy-3-methyl-4-hydroxy-5-propyl-7- 

f luor obenzof uran . 

NMR 1.00 (t. J« 7 Hz. 3H. CH3). 1.43 (t. J=7 
20 Hz. 3H, CHj. 1.63 (sextet, J«7 Hz, 2H, CH^) • 2.57 
(t. J«7HZ. 2H. CHg). 2.80 (s. 3H, CH^). 
CH2).4.47 (q. J»7 Hz. 2H. CH^O) . 4.97 (S, IH. 
OH)r 6.90 (s, IHr proton ortho to fluoro). 

25 . 3-methyl-4-hydroxy-5-propyl-7-f luorobenzo- 

furan, (1.0 gm) mp. 53-54*C was also obtained. 

"*'H NMR 1.00 (t, J= 7 HZ, 3H, CH^). 1.63 (sextet. 
J==7 Hz. 2H. CH^). 2.40 (d. J ^ 2 Hz. 3H, CH3). 
30 CH^). 2-57 (t. J»7Hz. 2H. CH2). 4.73 (s. IH. OH). 

6.73 (d.J « 11 Hz. IH, proton ortho to fluoro). 7.28 
(d*J » 2 Hz. IH, H2). 
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Anal. Calcd for Cj^g^ia^l^z" ^' 69-23; H. 6.25; 
9.13. Pound: C. 64.14; H, 5.79; CI, 15.81. 

g) Preparation of 3-raethyl-4-hydroxy-5-propyl-7- 
5 fluorobenzofurancarboxylic acid 

To a solution of 2-carboethoxy-3-methyl- 
4-hydroxy-5-propyl-7-fluorobenzofuran (I.O gra. 3.6 
mmoles) in methanol (100 inL) was added 2N sodium 

10 hydroxide (10 mL) and the resulting solution was 
refluxed for a period of 4.5 hours. The reaction 
mixture was concentrated in vacuo . The residue was 
acidified with 3N hydrochloric acid and then 
extracted with ethylacetate. The organic phase was 

15 dried (Na^SO^). concentrated in vacuo , and 

3-raethyl-4-hydroxy-5-propyl-7-f luorobenzofuran- 
carboxylic acid (0.79 gm; 88%) was isolated by 
filtering the solid after suspending in hexane. 

20 NMR 0.97 (t. J« 7 Hz. 3H. CH3). 1.60 (sextet. 

J=7 Hz. 2H. CH^), 2.67 (t. J«7Hz, 2H. CH^). 2.80 
(s, 3H. CH^), 6.90 (d.J = 11 Hz. IH. proton ortho 
to fluoro). 7.00 (s. 2H, OH). 

25 h) Preparation of 3-methyl-4-hydroxy-5-propyl-7- 
f luorobenzofuran 

A mixture of 3-raethyl-4-hydroxy-5-propyl-7- 
f luorobenzofurancarboxylic acid (0.10 gm; 0.4 mmoles) 
30 and copper(20 mg) in quinoline (50 mL) was refluxed 
for a period of 2.5 hours. The two phases were 
separated and the organic phase was dried 
(Na^fiO^). and concentrated in vacuo . The residue 
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was purified by preparative TLC and eluted with 5% 
ethylacetate in hexane to yield 3-methyl-4-hydroxy-5- 
propyl-7-fauoroben20furan (62 ing ; 75%), identical to 
the product obtained from the cyclisation reaction 
5 described above in step t, 

i) Preparation of 2-(p-iDethoxyben2oyl)-3-roethyl-4-Cp- 
iiiethoxybenzoyloxy>-5-propyl-7-f luorobenzofuran 

10 A solution of p-anisoyl chloride C2.70 gm; 

15.5 mmolee) in ethylene dichloride CIO mL) was added 
slowly to a cooled suspension of aluminiuia chloride 
(3.0 gm: 21.8 mmoles) in ethylene dichloride (100 
mL) . After stirring for a period of 10 minutes, 

15 3 -methyl-4-hydroxy-5 -propyl -7 -f luorobenzofuran (0.79 
gm; 3.8 mmoles) in dichloroethylene (5 mL) was added 
over a period of 2 minutes. The reaction mixture was 
stirred at room temperature for l hour. It was 
cooled with an ice-bath and ice was added slowly. 

20 Hhen the vigorous reaction subsided, the organic 
layer was separated and the aqueous phase was 
extracted with methylene chloride. The organic 
phases were combined, dried (Na^SO^), and 
concentrated in vacuo . The residue was 

25 chromatographed on silica gel and eluted with 10% 
ethylacetate in hexane to yield 1.18 gm (63%) of 
2-(p-methoxyben2oyl)-3-methyl-4-(p-methoxybenzoyloxy)- 
5-propyl-7-f luorobenzofuran. 

30 NMR 0.90 (t, J» 7 Hz, 3H, CH^), 1.63 (sextet, 

J»7 Hz. 2H. CH^). 2.55 (is. 3H. CH^), 2.63 (t, 
J«7HZ, 2H, CH^). 3.90 (s, 6H. CH^) , 6.97 (d, J»9 
Hz, IH, proton ortho to methoxy), 7.03 (d, Js9 Hz, 



0165810 

17141IA 



2882P/1043A 
2884P/1045A 



- 105 - 



01 65810 

17141IA 



IH. proton ortho to methoxy), 8.13 (a. J«9 Hz, IH, 
proton ortho to methoxy), 8.23 (d, J«9 Hz, IH. proton 
ortho to methoxy) . 

5 Anal. Calcd for C2qH2^C10^: C, 69.66; H, 6.13: 10.28. 

Found: C. 69.80: H. 6.18; F. 10.23. 

j) Preparation of 2-{p-methoxybenzyl)-3-methyl-4- 
hydroxy-5-propyl-7-f luorobenzofuran 

10 

To an ice-cold suspension of aluminium 
chloride (1.14 gm. 8.5 mmoles) in ether (100 mL) was 
added slowly lithium aluminium hydride (1.39 gm. 36 
mmoles). After stirring for a period of 10 minutes, 

15 2-(p-methoxybenzyl)-3-methyl-4-hydroxy-5-propyl-7- 

f luorobehzofuran (1.18 gm, 2.48 mmoles) in ether (10 
raL) was added over a period of 2 minutes. The 
reaction mixture was stirred at room temperature for 
10 minutes. It was cooled with an ice-bath and ice 

20 was added slowly. When the vigorous reaction 

subsided, the organic layer was separated and the 
aqueous phase was extracted with ether. The organic 
phases were combined, washed with brine, dried 
(Na^SO^). and concentrated in vacuo . The residue 

25 was chromatographed on silica gel and eluted with 10% 
ethyl acetate in hexane to yield 0.58 gm (71%) of 
2-(p-raethoxybenzyl)-3-methyl-4-hydroxy-S-propyl-7- 
f luorobenzofuran. 

30 ^H NMR 0.98 (t, J=. 7 Hz, 3H, CH^), 1.66 (sextet. 
J=7 Hz. 2H, CHg), 2.39 (s, 3H, CH^) . 2.55 (t, 
J-7HZ, 2H, CH^). 3.78 (s. 6H, CH3), 4.00 (s, 2H, 
CH-)* 6.67 (d, Jsli Hz, IH, proton ortho to 
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fluoro), 6.84 (d, 2H. proton ortho to methoxy)* 7-16 
(d. J«9 Hz, IH, proton meta to methoxy). 

Anal. Calcd for C^qH^j^CIO^: C, 73.15; H. 6.44; 
5 F. 5.78. Found: -C. 73.71; 6.45; F, 5.09. 

EXAMPLE 26 

2-(pTniethoxybenzyl)-3-niethyl-4-hydroxy-7-pxopyl- 
10 benzofuran 



a) Preparation of 2-hydroxy-3-propyl-6-benzyloxy- 
acetophenone 

15 A mixture of 2,6-dihydroxy-3-propylaceto- 

pheaone (5.5 gm; 28.3 mmoles), potaesiuni carbonate 
(3.9 gin; 31 nu&oles) and benzyl bromide (4.3 gm; 31 
mmoles) In acetone (10 liters) was refluxed for a 
period of twenty hours. The reaction mixture was 

20 cooled, filtered through Celite, and concentrated in 
vacuo . The residue was chromatographed on silica gel 
using 10% ethylacetate in hexane as eluent to yield 
5.6 gm (70%) of 2-hydroxy-3-propyl-6-benzyloxyaceto- 
phenone. 

25 

NMR 0.93 (t. 3H. J = 7 Hz. CH^). 1.60 (sextet. 
2H. J « 7 Hz. CH^), 2.60 (t, 2H. J « 7 Hz. CH^). 
2.67 (8. 3H, CH^). 5.13 (s. 2H. CH^). 6.40 (d. 
IH. J » 9 Hz. H5). 7-23 (d. IH. J = 9 Hz. H4). 7.40 
30 (s. 5H. phenyl protons). 
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b) Preparation of 2-(p-methoxybenzoyl)-3-inethyl-4- 
benzyloxy-7-propyl-benzofuran- 

A mixture of 2-hydroxy-3-propyl-6-ben2yloxy- 
5 acetophenone (1.0 gm: 3.52 romoles), potassium 

carbonate (0.81 gm: 3.82 mmoles) and p-ntethoxy- 
phenacyl bromide (0.54 gm* 3.60 mmoles) in 
methylethylketone (40 mL) was refluxed for a period 
of 20 hours. The reaction mixture was cooled. 
10 filtered through Celite. and concentrated in, vacuo . 
The residue was chromatographed on silica gel using 
10% ethylacetate in hexane as eluent to yield 0.74 gm 
(51%) of 2-(p-inethoxybenzoyl)-3-methyl-4-benzyloxy- 
7-propylbenzofuran. 

15 

NMR 0.93 (t.. 3H, J = 7 Hz. CH3). 1.67 (sextet. 
2H. J o 7 Hz. CH^). 2-75 (s. 3H. CH^). 2.75 (t. 
2H. J = 7 Hz, CH^). 3.83 (s. 3H. CH^). 5.13 (s. 
2H. CH2). 6.60 (d. IH. J = 9 Hz, H5), 6.93 (d, 2H. 
20 J 3 9 Hz. protons ortho to methoxy). 7.10 (d, IH, J = 
9 Hz. H6). 7.40 (6, 5H. phenyl protons). 8.10 (d, 2H. 
J - 9 Hz. protons meta to methoxy) . 

c) Preparation of 2-(p-methoxybenzyl) -3-methyl-4- 
25 . hydroxy-7-propylbenzofuran 

A mixture of 2-(p-methoxybenzoyl )'^3-raethyl-4- 
benzyloxy-7-propylbenzofuran (0.10 gm. 0.24 romole) in 
ethanol was hydrogenated in a Parr hydrogenator in 
30 the presence of 10% palladium on charcoal at 40 psi 
for a period of 7 hours. The catalyst was filtered 
off. washed with some ethanol, and the filtrate was 
concentrated ia vacuo to yield 2-(p-methoxybenzyl ) -3- 
methyl-4-hydroxy-7-propylben2ofuran. 
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NMR 0.90 (t, 3H, J « 7 Hz, CH^), 1-63 (sextet, 
2H, J - 7 Hz, CH^)* 2.33 (s, 3H, CH^), 2.70 (t, 
2H, J « 7 Hz, CH^). 3.73 (b, 3H, CH^) , 3,93 (s. 
2H, CH^). 4.97 (S, IH, OH), 6.37 (d, IH, J = 9 Hz, 
5 H5), 6.78 (d. 2H, J = 9 Hz. protons ortho to 

methoxy), Cd, IHc J = 9 Hz. H6). 7.17 (d, 2H, J » 9 
HZc protons meta to methoxy) • 

EXAMPLE 27 

10 

2-Cp-niethoxybenzyl)-5-raethyl-4-propyl-5-hydroxy- 
benzofuran 

a) Preparation of 2-(p-inethoxybenzoyl)-3-metbyl-5- 
15 allyloxybenzofuran. 

A mixture of 2-hydroxy-5-allyloxyaceto- 
phenone (7-7 gm; 40.0 mmolefi). potassium carbonate 
(6.90 gm; 50.0 mmoles) and p-methoxyphenacyl bromide 

20 (11.4 gm, 50-0 mmoles) in acetone (100 mL) was 

refluxed for a period of 22 hours. The reaction 
mixture was cooled, filtered through Celite, and 
concentrated in vacuo ■ The residue was chromato- 
graphed on silica gel using 50% ethylacetate in 

25 hexane as eluent to yield 7.2 gm (56%) of 

2-(p-methoxybenzoyl)-3-methyl-5-allyloxybenzofuran. 

mp. 74-76«*C. 

^H NMR 2.60 (E. 3H, CH3). 3.88 (6. 3H, CH^)* 
30 4.60 (m. 2H. CH^). 5.40 (m. 2H, CH^). 6.10 (m. 

IH. CH). 7.10 (m. 4H, protons ortho to methoxy, H4 
and H6). 7.43 (IH, J » 9 Hz, H7), 8.17 (d. 2H, J - 9 
Hz, protons ortho to methoxy). 
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b) Preparation of 2-(p-niethoxyben2oyl)-3-methyl- 
4-allyl-5-hydroxybenzofiiran 

A mixture of 2-(p-raethoxybenzoyl )-3-inethyl-5- 
5 allyloxybenzofuran (1 gm. 3.10 minole) in ortho 

dichlorobenzene (S mL) was refluxed under nitrogen 
for a period of 5 hours. On cooling, the product 
crystallized. It was diluted with hexane, filtered, 
washed with hexane. and air-dried to yield 870 mg 
10 (87%) of 2-(p-inethoxybenzoyl)-3-methyl-4-allyl- 
B-hydroxy-benzofuran, rap. 155-158**C. 

•*^H NMR 2-68 (s. 3H, CH^). 3.80 (iti, 5H, CH^ and 
CH2), 5.00 (in, 2H. CH^)* 6.03 (m, IH. CH) , 6.90 
15 (d, 3H, protons ortho to methoxy-and H6), 7.23 (IH, J 
- 9 Hz. H7). 8.03 (d. 2H. J = 9 Hz, protons ortho to 
methoxy) . 

c) Preparation of 2-{p-Tnethoxybenzyl)-3-niethyl-4- 
20 propyl -6-hydroxybenzofuran 

A solution of 2-(p-methoxyben2oyl ) -3-raethyl- 
4-allyl-5-hydroxybenzofuran (3 gm. 9.3 minoles) in 
ethanol (150 inL) was hydrogenated in a Parr 

25 hydrogenator in the presence of 10% palladium on 
charcoal at 40 psi for a period of 3 hours. The 
catalyst was filtered off, washed with some ethanol. 
and the filtrate was concentrated in vacuo . The 
residue was recrystallized from hexane to yield (1.1 

30 gm. 38%) of 2-(p-methoxybenzyl )-3-methyl-4-propyl-5- 
hydroxybenzofuran. mp. 91-93**C. 
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NMR 1.00 (t. 3H. J - 7 Hz. CH^). 1.63 (sextet, 

2H. J = 7 Hz. <^2^' ™3^' ^'^^ 

2H. J « 7 HZ. CH^). 3.73 (S. 3H. CH^). 3.93 (s. 
2E. CH^). 4-37 (s. IH. OH). 6.63 Cd. IH. J - 9 Hz, 
5 H6>. 6.70 id. 2H. J « 9 Hz. protons ortho to 

methoxy). 7.07 (d. IH. J = 9 Hz. H7). 7.13 (d. 2H. 
protons meta to methoxy) . 



10 



15 



EXAMPLE 28 

2 - f p-me thoxvbenzvl ^ -3 -met hv 1 -4 -tiydr oxy benzof u ra n 

a) Preparationi of 2-Cp-niethoxybenzoyl)-3-methyl-4- 
hyd r oxyb enzo f ur an 



A mixture of 2.6-dlhydraxyacetoplienone (5.35 
gm: 35.0 nuables). potassium carbonate (4-83 gm; 35-0 
mmoles). and p-methoxyphenacylbromide (8.05 gm: 35.0 
mmoles) in acetone (150 mL) was refluxed for a period 

20 of 22 hours. The reaction mixture was cooled. 

filtered through Celite. and concentrated in vacuo . 
The residue was dissolved in methylene chloride and 
washed with IN sodium hydroxide. The aqueous phase 
was then acidified with 20\ citric acid. The solid 

-25 was filtered, .washed with water, and air-dried to 

yield 6,5 gm (65%) of 2-(p-methoxybenzoyl) -3-methyl- 
4-hydroxybenzofuran. mp. 192-195*C- 

NHR 2.80 (B. 3H. CHj). 3.90 (s. 3H. CH^). 
30 6.73 (d. IH. J » 9 Hz. H5). 7.07 (ra. 4H. protons 

ortho to methoxy. H5 and H6 ). 8.13 (d. J= 9Hz. 2H. 
proton ortho to carbonyl). 
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b) Preparation of 2-(p-raethoxybenzyl ) -3-methyl-4- 
hydroxybenzofuran 

A mixture of 2-{p-methoxybenzoyl ) -3-inethyl-4- 

5 hydroxybenzofuran (2.0 gm; 7.0 mmoles). 99% hydrazine 

(50 mL) and potassium hydroxide (2.7 gm; 49 niraoles) 

in ethylene glycol (50 mL) was heated at 140*C for a 

period of 2.5 hours and at 195«C for one hour. The 

reaction mixture was cooled, poured in water « and 

10 extracted with ethylacetate. The organic phase was 

washed with 20% citric acid, with brine, dried 

(Na_SO.)* and concentrated in vacuo . The residue 
2 4 

was chromatographed on silica gel using 20% 

ethylacetate in hexane as eluent to yield 700 gm 

15 (37%) of 2-{p-raethoxybenzyl)-3-methyl-4-hydroxybenzo- 

furan« rap. 130-133**C- 

NMR 2.40 (S. 3H. CH^), 3.80 (S. 3H. CH^). 
4.00 (S. 2H, CH^). 5.04 (s, IH, OH). 6.48 (d. 2H. 
20 J=9 Hz, HS) , 6.88 (m, 4H, protons ortho to methoxy, 
H6 and H7). 7.15 (d. J»9 Hz. 2H. proton meta to 
methoxy) . 

Anal. Calcd for ^^-j^^.S^y C. 76.09: H. 6.01; 
25 Found: C. 76.21; H. 6.39. 

EXAMPLE 29 

2-{p-mcthoxybenzyl)-3-methyl-4-hydroxy-5-propyl- 
30 benzofuran 



a) Preparation of 2-{p-methoxybenzoyl)-3-methyl-4- 
allyloxybenzofuran 
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A mixture of 2-(p-methoxybenzoyl)-3-methyl- 
4-hydroxybenzofuran (0.60 gm; 2.2 mmolee)« potassium 
carbonate (0.83 gin: 6.0 mraoles) and allyl bromide 
(0.73 gm; 6.0 mmoles) in acetone (25 mL) was refluxed 
5 for a period of 22 hours. The reaction mixture was 
cooled, filtered through Celite, and concentrated in 
vacuo. The residue was chromatographed on silica gel 
using 15% cthyXacetate in hexane as eluent to yield 
2- (p-methoxybenzoyl ) -3-methyl -4 -a 1 ly 1 oxybenzof u r an . ' 

10 

NHR 2.40 (6. 3H, CH3), 3.80 (s. 3H. CH3). 
4.00 (s. 2H, CH2)*4.64 (m, 2H, CH^). 5-40 (ra. 2H. 
ch2), 6.12 (la, IH. CH) » 6.60 (d. IH, J = 9 Hz. 
H5>.6,84 (d. 2H. J = 9 Hz, protons ortho to methoxy). 
15 7.00 (d. IH, J « 9Hz, H7), 7.06 (d, IH. J = 9 Hz, 
H6), 7.15 (d. J» 9Hz, 2H. proton meta to methoxy). 

Anal. Calcd for C^qH^qO^: C, 77.89; H, 6.53; 
Found: C. 77.87; H,6.76. 

20 

b) Preparation of 2-(p-methoxybenzoyl)-3-methyl-4- 
hydroxy-5 -a 1 ly Ibenzof ur an 

A solution of 2-(p-raethoxybenzoyl)-3-methyl- 
25 4-allyloxybenzofuran (0.7 gm; 2.2 mmoles) in ortho- 
dichlorobenzene C3 mL) was refluxed under nitrogen 
for a period of 4 hours. The mixture was cooled to 
room temperature and purified by chromatography on 
silica gel using 15% ethylacetate in hexane as eluent 
30 to yield 650 mg (93%) of 2-(p-methoxybenzoyl)-3- 
methyl-4-hydroxy-5-allylbenzofuran. mp. 48-50**C- 



2882P/1043A 

2884P/1045A - 113 

NMR 2.41 (s, 3H. CH3 ) , 3.44 (m. 2H. CH2). 
3.78 (s. 3H, CH^), 4.00 (s, 2H, CH^). 5.23 (m, 
2H, CHjj). 6.03 (jn. IH. CH) , 6.84 (d. 2H. J 9 Hz, 
protons ortho to methoxy). 6.88 (s, 2H.H6 and H7). 
5 7.15 (d, 9H2, 2H. proton meta to methoxy). 

Anal. Calcd for C^^U^^O^i C, 77.89; H. 6.53; 
Found: C/ 77.80; H.6.81. 
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10 c) Preparation of 2-(p-inethoxyben2yl) -3-methyl-4- 
hydroxy-5-propylbenzofuran. 

A solution of 2-(p-niethoxyben2oyl)-3-methyl- 
4-hydroxy-5-allylbenzofuran (40 mg) in ethanol (50 

15 mL) was hydrogenated in a Parr hydrogenator in the 

presence of 10% palladium on charcoal at 40 psi. The 
catalyst was filtered and the filtrate was concen- 
trated to dryness to yield 2-(p-inethoxyben2yl )-3- 
methyl-4-hydroxy-5-propylbenzofuran. identical to the 

20 product prepared by the route described in Example i. 

EXAMPLE 30 



2-benzyl 3-inethyl-4-hydroxy-S-propyl-7-chloro- 
25 benzofuran 



a) Preparation of 2-benzoyl-3-niethyl-4-benzoyloxy- 
5-propyl-7-chlorobenzofuran 

A solution of benzoyl chloride (3.03 gin; 
21.6 mmoles) in ethylene dichloride (20 mL) was added 
slowly to a cooled suspension of aluminium chloride 
(5.8 gm; 43 mmoles) in ethylenedichloride (100 mL) . 
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After stirring for a period of 10 minutes. 3-methyl-4- 
hyaroxy-5-propyl-7-chloroben2ofuran (1.62 gni: 7.2 
ininoles) in dichl or ©ethylene (20 mL) was added over a 
period of 2 minutes. The reaction mixture was 
5 stirred at room temperature for 1 hour. It was 

cooled with an ice-bath and ice was added slowly. 
When the vigorous reaction subsided, the organic 
layer was separated and the aqueous phase was 
extracted with methylene chloride. The organic 
10 phases were combined, dried (Ma^SO^), and 
concentrated in vacuo . The residue was 
chroma tographed on silica gel and eluted with 10% 
ethylacetate in hexane to yield 1.18 gm (63%) of 
2-benzoyl-3-methyl-4-benzoyloxy-5-propyl-7-chloro- 

15 benzofuran, mp. 141-142**C. 

NMR 0.93 (t. J- 7 Hz, 3H. CH3), 1.63 (sextet, 
a«7 Hz. 2H, CH^y. 2.55 (s, 3H, CH^), 2.60 (t, 
J»7Hz, 2H, CHj). 7.33 (S. IH. H6), 7.50 (m, 6H. 
20 meta and para protons of benzoyl group), 8.20 (m, 4H, 
protons ortho to carbonyl). 

Anal- Calcd for C^gH^j^ClO^: C, 72.13; H, 4.88: CI, 8.18 

Found: C, 71.30: H, 5.05: CI, 8.37 

25 

b) Preparation of 2-benzyl-3-methyl-4-hydroxy-5- 
propyl-7-ciilorobenzofuran 

To an ice-cold suspension of aluminium 
30 chloride (2.50 gm, 18 mmoles) in ether (300 mL) was 
added slowly lithium aluminium hydride (3.0 gm. 80 
mmoles). After stirring for a period of 10 minutes. 
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2-benzyl-3-methyl-4-hydroxy-5-propyl-7-chlorobenzo- 

furan (2.31 gm, S.33 romoles) in ether (10 mL} was 

added over a period of 2 minutes. The reaction 

mixture was stirred at room temperature for 10 

5 minutes. It was cooled with an ice-bath and ice was 

added slowly. When the vigorous reaction subsided* 

the organic layer w^s separated and the aqueous phase 

was extracted with ether. The organic phases were 

combined, washed with brine, dried (Na^SO,), and 

2 4 

10 concentrated in vacuo . The residue was 

chromatographed on silica gel and eluted with 10% 
ethylacetate in hexane to yield 1.30 gm (77%) of 
2-benzyl-3-methyl-4-hydroxy-5-propyl-7-chloro- 
benzofuran, mp- 69-70**C. 

15 

NHR 0.98 (t, a« 7 Hz, 3H. CH3 ) , 1.60 (sextet, 
J=7 Hz, 2H, CHg), 2.40 (8, 3H. CH^). 2.63 (t, 
J»7Hz, 2H. CH^). 4.00 (s, 2H. CH^). 4-80 (s, IH, 
OH). 6.90 (s. IH, H6), 7.23 (s, 5H, phenyl protons). 

20 

Anal. Calcd for C^gH^^ClO^: C, 72.49; H, 6.08; CI, 11.26 
Found: C, 72.48; H, 6.16: CI, 11.02 



EXAMPLE 31 

25 

2-(p-hydroxybenzyl)-3-raethyl-4-.hydroxy-5-propyl-7- 
chlorobenzofuran 



To a solution of 2-(p-methoxybenzyl)-3- 
30 methyl-4-hydroxy-5-propyl-7-chlorobenzofuran (100 mg, 
0.29 mmole) in methylene chloride (5 mL) cooled to 
-78**C, was added dropwise over a period of 5 minutes 
a IM solution of boron tribromide (0.3mL; 0.3 mmole) 
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in methylene chloride. The temperature was allowed 
to rise to room • emperature and the reaction mixture 
was stirred for ^ hours. It was then cooled to -78*»C 
and methanol C2 mL) was added rapidly. The resulting 
5 solution was poured into water. The phases were 

separated and the aqueous phase was extracted with 
methylene chloride. The organic phases were 

combinedr washed with brine, dried (Na^SO^), and 

concentrated in vacuo . The residue was 
10 chroraatographed on silica gel and eluted with 15% 

ethyl acetate in hexane to yield 63 mg gm (66%) of 

2-Cp-hydrpxybenzyl)-3-raethyl-4-hydroxy-5-propyl-7- 

chlorobenzofuran, mp. 142-143*C. 

15 EXAMPLE 32 

2-(p-bromoben2yl>-3-roethyl-4-hydroxy-5-propyl-7- 
chlorob&nzofuran ] 

20 a) Preparation of 2-(p-bromobenzoyl) -3-methyl-4- 
{p-bromobenzoyloxy)-5-propyl-7-chlorobenzofuran 

A solution of p-bromobenzoyl chloride (1-1 
gm; 5.0 mraoles) in ethylene dichloride C5 mL) was 

25 added slowly to a cooled suspension of aluminium 

chloride (3.3 gm; 25 mmoles) in ethylene dichloride 
(75 mL). After stirring for a period of 10 minutes. 
3-methyl-4-hydroxy-5-propyl-7-chlorobenzofuran (0.95 
gm: 4.2 mmoles) in dichloroethylene (20 mL) was added 

30 over a period of 2 minutes. The reaction mixture was 
stirred at room temperature for 1 hour. It was cooled 
with an ice-bath and ice was added slowly. When the 
vigorous reaction subsided « the organic layer was 
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separated and the aqueous phase was extracted with 
methylene chloride. The organic phases were combined, 
dried (Na^SO^), and concentrated in vacuo . The 
residue was chromatographed on silica gel and eluted 
5 with 10% ethylacetate in hexane to yield 260 mg gm of 
2-(p-bromobenzoyl-3-methyl-4-(p-bromobenzoyloxy)-5- 
propyl-7-chlorobenzofuran. 

NMR 0.97 (t, J« 7 Hz, 3H, CH3). 1,70 (sextet. 
10 J«7 Hz, 2Hs CH^). 2.60 (S. 3H. CH^). 2.63 (t. 

J»7H2. 2H, CHg). 7.43 (s, IH. H6). 7.80 (m. 4H. 
protons meta to carbonyl). 8.20 (m. 4H, protons ortho 
to carbonyl). 

15 b) Preparation of 2-(p-bromobenzyl) -3-inethyl-4- 
hydroxy-5^propyl-7-chlorobenzofuran 

To an ice-cold suspension of aluminium 
chloride (0.5 gra/ 3.6 mraoles) in ether (100 raL) was 

20 added slowly lithium aluminium hydride (1.0 gm, 26.7 
ramoles). After stirring for a period of 10 minutes, 
2-(p-bromobenzyl)-3-methyl-4-(p-bromobenzoyloxy-5- 
propyl-7-chlorobenzofuran (0.22 gm, 0.37 mmole) in 
ether (10 raL) was added over a period of 2 minutes. 

25 The reaction mixture was stirred at room temperature 
for 10 minutes. It was cooled with an ice-bath and 
ice was added slowly. When the vigorous reaction 
subsided, the organic layer was separated and the 
aqueous phase was extracted with ether. The organic 

30 phases were combined, washed with brine, dried 

(Na^SO^), and concentrated in vacuo . The residue 
was chromatographed on silica gel and eluted with 10% 
ethyl acetate in hexane to yield 178 rag (97%) of 
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2-Deiizyl-3-methyl-4-hydroxy-5-propyl-7-chloro- 
benzofuraa. 

NMR 0.98 (t. J« 7 Hz. 3H. CH^), 1.57 (sextet, 
5 J«7 HZ, 2H, 2-33 (s. 3H, CH3), 2.53 (t. 

J»7HZ, 2H, CH^). 3.98 (s, 2H, CH^).^^BO (S, IH, 
OH), 6.93 (s, IH. H6), 7*10 Cd, 2H. J - 9 Hz. protons 
ortUo to brorao), 7.33 (d. 2H,J » 9 Hz, protons meta 
to bromo) . 

10 

EXAMPLE 33 

2-(p-inetIioxyphenethyl)-3.-niethyl-4-hydroxy-5-propyl- 
7-chlorobenzofuran _ 

15 

a) Preparation of 2-(p-methoxyphenacetyl)-3-methyl- 
4-(p-raethoxyphenacetyloxy)-5-propyl-7-chlorobenzo- 
furan 

20 A solution of p-methoxyphenacetyl chloride 

(2-0 gm: 11 mmoles) in ethylene dichloride (5 mL) was 
added slowly to a cooled suspension of aluminium 
chloride (2.9 gin; 22 nraioles) in ethylene dichloride 
(145 mL). After stirring for a period of 10 minutes. 

25 3-methyl-4-hydroxy-5-propyl-7-chlorobenzofuran (0.87 
gm; 3.6 mmoles) in dichloroethylene (20 mL) was added 
over a period of 2 minutes. The reaction mixture was 
stirred at room temperature for 1 hour. It was 
cooled with an ice-bath and ice was added slowly. 

30 When the vigorous reaction subsided, the organic 
layer was separated and the aqueous phase was 
extracted with methylene chloride. The organic 
phases were combined, dried (Na^SO^), and 
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concentrated in vacuo . The residue was 
chromatographed on silica gel and eluted with 15% 
ethylacetate in toluene to yield 1.3 gm of 2-(p- 
raethoxyphenacetyl)-3-methyl-4-(p-inethoxyphenacetyl- 
5 oxy)-5-propyl-7-chloroben20furan. 

NMR 0.83 (t. J= 7 Hz, 3H. CH^), 1,50 (sextet. 
J=7 Hz, 2H. CH^), 2.40 <S, 3H, CH^). 2.40 (t. 
J=7H2, 2H, CH^). 3.80 (m, lOH, CH^ and CH2). 
10 6.80 ( ni« 4H. protons ortho to methoxy). 7.2 (m. 5H. 
H6 and protons meta to methoxy). 

b) Preparation of 2-(p-methoxyphenethyl)-3-methyl- 
4-hydroxy-5-propyl-7-chlorobenzofuran 

15 

To a solution of 2-(p-inethoxyphenacetyl )-3- 
inethyl-4-(p-methoxyphenacetyloxy)-5-propyl-7-chloro- 
benzofuran (0.76 gin, 1.4 lumoles) in tetrahydrofuran 
(25 iqL} was added a solution of IH diborane in 

20 tetrahydrofuran (5 mL; 5 nimoles). The reaction was 

stirred at room temperature for 30 minutes. Methanol 
was then added and the volatiles were removed in 
vacuo to yield a residue that was taken up in 
tetrahydrofuran (25 mL) and added to a mixture of 

25 aluminium chloride (0.67 gra, 4 ramoles) and lithium 
aluminium hydride (0.80 gra, 21 mmoles) in tetra- 
hydrofuran (25 mL). The mixture was stirred at room 
temperature for 2 hours and was refluxed for 15 
minutes. It was cooled with an ice-bath and ice was 

30 added slowly. When the vigorous reaction subsided, 

the organic layer was separated and the aqueous phase 
was extracted with ether. The organic phases were 
combined, washed with brine, dried (Na<,SO ). and 
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concentrated in vacuo . The residue was 
chroraatographed on silica gel and eluted with 15% 
ethyl acetate in hexane to yield 100 rag (20%) of 
2- (p-methoxyphenethyl ) -3-inethyl-4 -hydr oxy- 

5 5_pi:opyl-7-chlorobenzofuran- 

NMR 0.98 (t, J= 7 Hz, 3H, CH3). 1.63 (sextet, 
J«7 HZ. 2H. CH^}, 2.17 (8. 3H, CH3), 2.58 (t, 
J-7H2/ 2H, CB^}. 2.98 (s. 4H, CH^), 3.80 (s. 2H. 
10 CH^), 4.80 (B, IH, OH). 6.80 (d. 2H. J - 9 Hz. 

protons ortho to methoxy). 6.88 (s. IH, H6), 7.03 (d. 
2H,J « 9 Hz, protons meta to methoxy) . 



15 



EXAMPLE 34 

^-fn-methovvphenethyl^-3-inethv l-4^hvdroxvbenzofuran 
a) Preparation of 3-methyl-4-acetoxybenzofnran 

20 A solution of 3-inethyl-4-hydroxybenzofuran 

C5.0 gia. 34.7 mmples). acetic anhydride (50 mL) and 
triethylamine (25 roL) in tetrahydrofuran (150 mL) was 
stirred at room temperature overnight- The volatiles 
were removed in vacuo and the residue was purified by 

25 chromatography on silica gel. Elution with 15% 

ethylacetate in hexane yielded 3-inethyl-4-acetoxy- 
benzofuran. 



30 



^H NMR 2.17 (s, 3H. CH3). 2.40 (s. 3H. CH3), 

6.88 (d of d. IH, H5). 7.20 (ID. 3H. H2. H6 and H7). 
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b) Preparation of 2-E-(l-(p-methoxyphenyl)-vinyl)^3- 
methyl-4-acetoxyben2ofuraii 

A mixture of 3-raethyl-4-acGtoxybenzofairan 
5 (3.7 gm, 19,4 iranoles). palladium (II) acetate (5.6 
gin, 25 mmoles). and p-methoxystyrene (6.7 gm. 50 
raraoles) in acetic acid (100 mL> was refluxed for 45 
minutes. The mixture was filtered through Celite and 
the filtrate was concentrated in vacuo . The residue 
10 was slurried with hexane, the insolubles were 
decanted, and the hexane solution was left to 
crystallize. The solid was filtered, washed with 
hexane^ and air-dried to yield 1-6 gm (26%) 

2-E-(l-(p-methoxyphenyl) -vinyl )-3-methyl-4-acetoxy- 
15 benzofuran. mp. 146-148-C. 

NMR 2.30 (s. 3H. CH3), 2.33 (s. 3H. CH3). 
3.80 (6. 3H. CH^). 7.10 (m. 9H. aromatic protons 
and vinyl protons) 

20 

c) Preparation of 2-(p-methoxyphenethyl )-3-methy^- 
4-acGtoxybenzofuran 



A solution of 2-E-(l-(p-methoxyphenyl)- 
vxnyl)-3-raethyl-4-acetoxybenzofuran (1-29 gm, 4 
mmoles) in ethanol (75 mt) was hydrogenated in a Parr 
hydrogenator in the presence of 5% palladium on 
charcoal at 50 psi for a period of 2 hours. The 
catalyst was filtered off and the filtrate was 
concentrated in vacuo to yield 1.26 gm (98%) of 
2- ( p-raethoxyphenethyl ) -3 -me thyl -4 -acetoxybenzo- 
furan. mp. 66-69**C. 
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NMR 2.10 Cs^ 3H. CH3). 2-37 (S. 3H. CH3). 
2.97 (s, 4H, CH^). 3.80 (S, 3H, CH^). 7.10 U. 
7H. aromatic protons). 

5 a) Preparation of 2-Cp-methoxyphenethyl)-3-inethyl-4- 
hydr oxy benzo f "u r an 

A solution of 2-(p-methoxyphenethyl)-3- 

iaetliyl-4-acetoxy-ben2ofuran (1 gm. 3 mnoles) in 

10 methanol (50 mL) and IW sodium hydroxide (10 mL) was 

stirred at room temperature for a period of 10 

minutes. The mixture was acidified with 20% citric 

acid and. the volatiles were removed in vacuo . The 

aqueous residue was extracted with ether, washed with 

15 water, dried (Na^SO,), filtered* and concentrated 

2 4 

to yield a residue that was chromatographed on silica 
gel. Elution with 15% ethylacetate in hexane yielded 
2-(p-methoxyphenethyl)-3-metfayl-4-hydroxybenzofuran. 
mp, 72-75«C- 

20 

NMR 2.20 (S. 3H» CH^)* 2.97 (s. 4H, ^^2), 
3.80 (s. 3H* CH3). 6.90 (m, 7H. aromatic protons). 

EXAMPLE 35 

25 

2 - (p-me thoxyphene t hy 1 ) - 3 -methyl -4 -hyd roxy-5 -propyl - 
benzofuran ^ 

a) Preparation of 2-(p-raethoxyphenethyl)-3-methyl- 
30 4-allyloxyben2ofuran 

A mixture of 2 -(p-me thoxyphene thy 1 ) -3 -me thy I- 
4-hydroxybenzo£uran (1,3 gm; 4.6 mmoles), potassium 
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carbonate (1.38 giD« 10 mmoles), and allyl bromide 
(1.2 gin« 10 mnoles) in acetone (50 mL) was re£luxed 
for a period of 5 hours. The solids were filtered 
off and the filtrate was concentrated jja vacuo . The 
5 residue was chromatographed on silica gel and eluted 
with 15% ethylacetate in hexane to yield 0.9 gm of 

2-(p-inethoxyphenethyl)-3-raethyl-4-allyloxybenzofuran, 
which was used as such for the next step. 

10 b> Preparation of 2-(p-inethoxyphenethyl)-3-methyl- 
4-hydroxy-5-al lylbenzof uran 

A solution of 2-(p-methoxyphenethyl)-3- 
inethyl-4'-allyloxybenzofuran (0.9 qm, 2.8 nunoles) in 

15 ortho dichlorobenzene (15 laL) was refluxed for 4.5 
hours under a nitrogen atmosphere. The mixture was 
cooled to room temperature and was chromatographed on 
silica gel. Elution with 15% ethylacetate in hexane 
yielded 0.6 gm (67%) of 2-{p-methoxyphenethyl )-3- 

20 methyl-4-hydroxy-5-allylbenzofuran. 

NMR 2.10 (S, 3H. CH^). 2.93 (S, 4H. CH^ ) • 
3.40 (TO. 2H, CH^). 3.73 (s. 3H, CH^). 5.17 (m, 
2H, CH^), 6.00 (ra, IH, CH) . 6.73 (d, 2H. J = 9 Hz. 
25 protons. ortho to methoxy}« 6.87 (s, 2H, H6 and H7). 
7.08 (d, 2H* protons meta to roethoxy) . 

c) Preparation of 2-(p-raethoxyphenethyl )-3-methyl- 
4-hydroxy-5-propylbenzofuran 

30 

A solution of 2-(p-raethoxyphenethyl )-3- 
methyl-4-hydroxy-5-allylbenzofuran (0.65 gm* 2 
mmoles) in ethanol (50 mL) was hydrogenated in a Parr 
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hydrogenator in the presence of 5% palladium on 
charcoal at 50 psi for a period of 2 hours. The 
catalyst was filtered off and the filtrate was 
concentrated in vacuo to yield 2- (p-methoxyphenethx.1) 
5 3-raethyl-4-hydroxy-5-propylbenzofuran, mp 77-79*»C. 

NMR 0.93 {t, 3H J = 7 Hz, CH^) / 1*60 (sextet, 
2H, J ^ 7 Hz, CH^U 2.17 (s, 3H, CH3) , 2.57 (t, 
-2H, J = 7 Hz, CH2)r 2.90 {s, 4H, CH2) , 3.73 ( s, 
10 3H, CH3), 4.80 (s, IH, OH), 6.73 (d, 2H, J = 9 Hz, 
protons ortho to methoxy) , 6.87 (s, 2E, H6 and E7) , 
7.03 (d, 2H, protons meta to methoxy). 



15 



20 



EXAMPLE 36 



2-Benzyl-3-inethyl-4,5-dihydroxyben2ofuran 

a) Preparation of 3- {3,4-methylenedioxyphenoxy) -4- 
pheny 1 -2 -bu tanone 



A mixture of sesamol (3,4-inethylenedioxy 
phenol) (0.69 gm, 5 mmoles) , l-chloro-l-acetyl-2- 
phenethyl-l-triphenylphosphonium chloride (2.4 gm, 
5 mraoles) , and potassium carbonate (2.76 gin; 20 

25 mmoles) in me thylethyl ketone (50 mL) was refluxed for 
a period of 3 hours. More phosphoniura salt was then 
added (0.4 gm, 0.84 mmoles) and reflux was continued 
for another 3 hours. The reaction mixture was cooled, 
filtered through Celite and concentrated in vacuo . 

30 The residue was chromatographed on silica gel and 

eluted with 20% ethylacetate in hexane to yield 629 
rag (46%) of 3- (3, 4-methylenedioxyphenpxy) -4-phenyl-2- 
butanone as an oil* 
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■^H NMR 2.10 (S. 3H, CH3), 3.10 (d. 2H,J = 7 Hz, 
CH^), 4.63 (t. IH, J » 7 Hz. CH) , 5.90 (s. 2H, 
CHg). 6.2 (d of d, IH. J « 9 H2. 3 Hz. HH6). 6.43 
(d, IH. J = 3 Hz, H2), 6.67 (d, IH, J = 9 Hz, H5) . 

5 

Anal. Calcd. for C. H^ O : C, 71.86: H, 
X / 16 4 

5.67. Found: C. 71.92: H, 5.88. 

b) Preparation of 2-benzyl-3-methyl-5, 6-niethylene- 
10 dioxybenzofuran 

A mixture of 3-(3, 4-niethylenedioxyphenoxy) -4- 
plienyl-2-butanone (0.70 gm, 2.45 mmoles) in 
polyphosphoric acid (3.5 gm) was stirred by hand 

15 until the initial exothermic reaction subsided. The 
mixture was stirred in ice/water and the solid was 
collected, washed with water, and dried in vacuo . 
The solid was chromatographed on silica gel and 
eluted with 20% ethylacetate in hexane to yield 479 

20 mg (73%) of 2-benzyl-3-methyl-5, 6-methylene- 
dioxybenzofuran . 

Anal. Calcd. for C^^H^^O^; C, 76.68; H, 
5.30. Found: C, 76.55; H. 5.24. 

25 

c) Preparation of 2-benzyl-3-methyl-5 , 6-dihydroxy- 
benzofuran 

A solution of 2-benzyl-3-methyl-5,6- 
30 methylenedioxybenzofuran (226 mg, 0.85 mraole) in 

methylene chloride (10 mL> was cooled at -65*»C and a 
IM solution of boron tribromide in methylene chloride 
(0.85 mL) was added dropwise. The mixture was 
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allowed to warm \ip to -25*»C and was kept in that 
range for 1 hour. Methanol (5 mL) was then added and 
the mixture was evaporated in vacuo.. The residue was 
chromatographed on silica gel and eluted with 25% 
5 ethylacetate in hexane to yield 128 mg of 2-benzyl- 
3-methyl-5,6-dihydroxybenzofuran, mp. 95.5-98«C. 

NMR 2,15 (S, 3H, CH3>. 4.03 (s, 2H, CH^), 
6.88 (s, IH, H4). 6.95 (S. IH. H7), 7.23 (m. 5H, 
10 phenyl). 

EXAMPLE 37 

2-CP-carboxymethoxybenzyl)-3-methyl-4-hydroxy-5- 
15 propvl-7-chlorobenzofuran .. 

a) Preparation of 2-Cp-acetoxybenzyl)-3-methyl-4- 
acetoxy-5-propyI-7-chlorobenzofuran 

20 A solution of 2-(p-hydroxybenzyl)-3-methyl-4- 

hydroxy-5-propyl-7-chloroben2ofuran (1 gm; 3 mmoles) 
in pyridine (15 mL) and acetic anhydride (3 mL) was 
stirred at 50*»C for 15 minutes. The volatiles were 
removed in vacuo leaving a residue that crystallised 

25 oh cooling. It 'was -slurried with hexane, filtered, 
washed with hexane, and air-dried to yield 1.1 gm 
C87%) of 2-Cp-acetoxybenzyl)-3-methyl-4-acetoxy- 
5-propyl-7-chlorobenzofuran. mp. 119-120*»C- 

30 ^NMR: 0.93 (t. 3H. J » 7 Hz. CH^). 1.60 Csextet, 
2H, J - 7 Hz. CH^), 2.20 (6, 3H. CH^). 2.27 (s, 
3H, CH3). 2.33 (6. 3H, CH^), 2.37 (t. 2H, J - 7 



2882P/1043A 
2884P/1045A 



- 127 - 



01 65810 

17141IA 



H2, CH^)* 4.00 (s, 2H. CH^). 7.00 <d, 2H. J » 9 

Hz. protons ortho to methoxy), 7.07 (b. 1H. H6), 7.20 

(d, 2H. J « 9 Hz, protons meta to inethoxy) . 

5 b) Preparation of 2-(p-hydroxybenzyl)-3-inethyl-4- 
acetoxy-5-propyl-7-chlorobenzofiaran 

A solution of 2-(p-acetoxybenzyl)-3-methyl-4- 
acetoxy-5-propyl-7-chlorobenzofuran (150 mg. 0.36 

10 mmole) in methanol (5 mL) and a saturated solution of 
potassium carbonate (3 mL) was stirred at room 
temperature for 5 minutes. The reaction was poured 
in water, extracted with methylene chloride* washed 
with brine, dried (Na.SO^), and concentrated in 

15 vacuo to yield 107 mg (79%) of 2-(p-hydroxybenzyl) -3- 
methyl-4-acetoxy-5-propyl-7-chlorobenzof uran. 

^NMR: 0.93 (t, 3H. J a 7 Hz. CH^). 1.60 (sextet. 
2H, J « 7 Hz, CH^)* 2.18 (fi, 3H, CH^). 2,37 (s. 
20 3H, CH^), 2.50 (t, 2H, J » 7 Hz. CH^), 3.97 (6. 

2H, CHg), 5,20 (s, IH. OH), 6.67 (d, 2H, J o 9 Hz, 
protons ortho to methoxy), 7.03 (s, IH, H6). 7.07 (d, 
2H, J ^ 9 Hz, protons meta to methoxy). 

25 c) Preparation of 2-(p-carboethoxyroethoxybenzyl)-3- 
raethyl-4-acetoxy-5-propyl-7-chlorobenzofuran 

A mixture of 2-(p-hydroxybenzyl)-3-methyl-4- 
acetoxy-5-propyl-7-chlorobenzofuran (107 mg; 0.28 
30 mmole). ethylbromoacetate (100 mg, 0.60 mmole), 

potassium carbonate (100 mg. 0.73 mmole) in acetone 
(10 mL) was refluxed for 30 minutes. The solids were 
filtered off, the filtrate was concentrated in vacuo 
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to yield a residue that was purified by chromato- 
graphy on silica gel. Elution with 20% ethylacetate 
in hexane yielded 133 C100%) of 2-(p-carboethoxy- 
inethoxyben2yl)-3-inethyl-4-acetoxy-5-propyl-7-chloro- 

5 benzofuraa. 

^NMRJ 0.93 (t. 3H. J = 7 Hz. CH3). 1.33 (t, 3H. J 
^ 7 HZ, CH^). 1.60 (sextet. 2H. J « 7 Hz. CH^)* 
2.18 (S. 3H. CH3). 2.37 (s. 3H. CH^) . 2.50 ( t. 
10 2H. J = 7 Hz. CH^). 4.00 (s. 2H. CH^), 4.23 (q. 
2H, J « 7 Hz. CH^). 4.53 (s. 2H. CH^), 6.83 Cd. 
2H. J = 9 Hz. protons ortho to methoxy) . 7.10 (s, IH. 
H6). 7.23 {d. 2H. J = 9 Hz. protons meta to raethoxy) . 

15 e) Preparation of 2-(p-carboxymethoxybenzyl)-3-niethyl- 
4-hydroxy-5-propyl-7-chlorobenzof"aran 
• 

A solution of 2-(p-carboethoxyniethoxybenzyl)- 
3-inethyl-4-acetoxy-5"propyl-7-chlorobenzofuran (133 

20 rag: 0.28 mmole) in methanol (10 mL) and lOM sodium 

hydroxide (1 mL) was stirred at room temperature for 
a period of 30 minutes. Water was then added and the 
mixture was acidified with 6N hydrochloric acid- The 
solid was filtered, washed with water, and air-dried 

25 to yield 93 mg (82%) of 2-(p-carboxymethoxyben2yl)- 
3-methyl-4-hydroxy-5-propyl-7-chlorobenzofuran. mp, 
i79-180«C- 

^NBOl: 1.00 (t. 3H. J » 7 Hz. CH3). 1.67 (sextet. 
30 2H. J « 7 Hz. CH2). 2.43 (s. 3H. CH^). 2.67 (s. 
3H, CH3). 4.00 (8. 2H. CH^). 4.60 (s. 2H. CH^). 
6.87 (d. 2H. J = 9 Hz, protons ortho to methoxy). 
6.93 (s. IH. H6). 7,20 (d. 2H. J « 9 Hz. protons meta 
to methoxy) . 
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EXAMPLE 38 

2-(p-in€thoxyben2yl)-3-methyl-4-6uccinyloxy-5-propyl-7- 
chlorobenzofuran " 

5 

A solution of 2-(p-inethoxybenzyl)-3-methyl- 
4-hydroxy-5-propyl-7-chlorobenzofuran (0.5 gm. 1.45 
mmole), 0.58 8uccinlc anhydride (0.58 gm, 5.8 
mmoles), and triethylaroine (0.58 gm. 5.8 mmoles) in 
10 tetrahydrofnran (15 raL) was refluxed overnight. The 
volatiles were removed in vacuo a nd the residue was 
purified by chromatography on silica gel. Elution 
with 15% ethylacetate in hexane containing also 5% 
acetic acid yielded 0.45 giu (69%) of 2-(p-raethoxy- 

15 benzyl )-3-inethyl-4-6Uccinyloxy-5-propyl-7-chlorobenzo- 
furan. mp. 151-152*»C. 

■*^NMR: 10.93(t, 3H. J - 7 Hz. CH^). 1.60 (sextet, 
2H, J - 7 Hz, CH^), 2.27 (s. 3H. CH3), 2.57 (s, 
20 3H. CH3), 2.90 (m, 4H, CH^). 3.80 (S. 3H. CH^), 

4.00 (s. 2H, CH2)* 6.83 (d. 2H, J = 9 Hz, protons 
ortho to methoxy), 7.07 (s, IH, H6). 7.20 (d. 2H. J » 
9 Hz. protons neta to methoxy) . 

25 EXAMPLE 39 

2-(p-carboethoxyiiiethoxybenzyl)-3-jnethyl-4-carboethoxy- 
ipethoxy-5-propvl»7^chlorobenzofuran 

A mixture of 2-(p-hydroxybenzyl )-3-methyl-4- 
hydroxy-5-propyl-7-chlorbbenzofuran (483 mg; 1.46 
mmole). ethylbromoacetate (325 mg, 1.90 mmole), and 
potassium carbonate (500 mg. 3.62 mmoles) in acetone 



I 
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(20 ffiL) was refluxed for 60 minutes. The solids were 
filtered off. The filtrate was concentrated in vacuo 
to yield a residue that was purified by chromato- 
graphy on silica gel. Elution with 20% ethylacetate 
5 in hexane yielded 520 (85%) of 2-(p-carboethoxy- 
methoxybea2yl>-3-methyl-4-carboethoxymethoxy-5- 

propyl-7-chloroben2ofuran, 

■^NMR: 0.93 (t. 3H* J = 7 Hz. CH3), 0.98 (t, 3H, J 
10 « 7 HZ. CH^). 1.33 (t, 3H, J « 7 Hz. CH^)- 1.60 

(sextet. 4H. J 7 Hz, CHj). 2.33 (t, 4H, J » 7 H2. 

CH^)* 4.00 (q. 2H, J « 7 Hz. CH^)^ 4.18 (s, 2H. 

CH^)* 4.30 (s. 2H. CH^). 6-57 (d. 2H. J = 9 Hz. 

protons ortho to methoxy). 6.67 (s. IH, H6). 6.90 (d. 
15 2Hr J = 9 Hz. protons meta to methoxy). 

EXAMPLE 40 

O-sulfate of 2-(p-raethoxybenzyl)-3-methyl-4-hydroxy- 
20 S-propyl-7-chlorobenzofuran, amrooniuro salt 

A solution of 2-(p-methoxybenzyl)-3-raethyl- 
4-hydroxy-5-propyl-7-chlorobenzofuran (5 gm. 14.5 
mmoles) was added at 0«C to a mixture of diethyl 
25 aniline (4,3 ml) and chlorosulf onic acid (1 ml) in 
carbon disulfide (50 ml). The temperature was 
allowed to rise to room temperature and after 15 
minutes, it was refluxed for 15 minutes. The 
reaction mixture was evaporated to dryness and the 
30 residue was purified by preparative thin layer 

chromatography. Eluting with a mixture of methanol, 
chloroform and ammonium hydroxide in the ratio of 
4:8:1 (v/v/) yielded 5 gm of the sulfate ester of 
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2-(p-raethoxybenzyl)-3-methyl-4-hydroxy-5- 
propyl-7-chlorobenzofuran ae its ammonium salt: m.p.: 
207-209*C. 

5 ^NMR: 0.93 (t, 3H. J=7 Hz. CH3), 1.70 (sextet, 

2H. J=7 Hz. CH^). 2.47 (s. 3H. CH^_. 2.97 (t. J»7 

Hz, 2Hs CH2). 3.70 (s. 3H, CH^). 4.03 (s. 2H, 

CH^), 6.83 (d. 2H. J=9 Hz. protons ortho to 

methoxy), 7.10 (d, 2H, J=9 Hz. protons meta to 

10 methoxy). 7.27 (s, IH. H^). 

6 

EXAMPLE 41 

0-phosphate of 2-(p-methoxybenzyl)-3-methyl-4- 
hvdroxy-5-propyl-7-chlorobenzoftiran 

15 A solution of 2-(p-inethoxybenzyl)-3- 

methyl-4-hydroxy-5-propyl-7-chlorobenzofuran (5 gm. 
14.5 mmoles) in chloroform (25 ml) was added at 0<»C to 
a solution of phosphorus oxychloride (75 ml) in 
pyridine (25 ml) and acetone (250 ml). The mixture 

20 was stirred at room temperature for a period of 1 

hour and refluxed for 2 hours. The reaction mixture 
was evaporated to dryness and the residue was 
slurried in a small volume of water. The solids were 
filtered, washed, and air-dried to yield the 

25 phosphate ester of 

2-(p— methoxybenzyl)-3-methyl-4-hydroxy-5-propyl-7- 
chlorobenzofuran. 

^NMR: 0.93 (t. 3H, J-7 Hz, CH3), 1.60 (sextet. 
30 2H, J«7 Hz. CH^). 2,27 (s. 3H. CH^). 2.87 (t. J»7 
Hz. 2H, CH^), 3.80 (s. 3H. CH^). 4.00 (s. 2H. 
CHg). 6.83 (d. 2H, J=i9 Hz. protons ortho to 
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mcthoxy). 7.10 (d, 2H, J»9 Hz, protons meta to 
methoxy). 7.15 (s. IH. Hg) . 

Anal. Calcd. C. 56.54; H, 5.18; CI. 8.35: P. 7.30. 

Found: C. 56.59: H, 5.21: CI. 8.52: 7.43. 



10 



20 



30 
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WHAT IS CLAIMED IS ; 

1. The compound of the formula: 



X R' 

10 1 



wherein: 

each is independently hydrogen or to 
Cg alkyl; 



15 



R is hydrogen, to alkyl, 
-(CH2)j^"Het-y, or 



o o 

25 R^ is hydroxyl, O-C^-R-'^rO-C-OR* , OCOCH2CH2COOH, OSO3H, 

or OPO^Hj; 

each R^ is independently to Cg alkyl; 
each R^ is independently H, C^^ to Cg alkyl, or both 
30 R^s join to form a 5- or 6-merabered ring with the N 

to which they are attached; 
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Het is a heterocyclic group selected from 
pyridiner pyrazine, pyrimidine, oxazole, 
pyrazole, oxadiazoler tetrazole, quinoline, 
thlophene, furan, pyrrole, thiazoLe, thiadia^ole, 

5 or imidazole; 

X is 0, S, SO, SO2? 

Y, Y^, Y^, y^, and Z are each 

independently H, halogen, OH. 

to Cg alkyl, C2 to Cg alkenyl, 

10 -COOR-^, -COR-*-, nitro, 

to Cg alkoxy, C^^ to Cg alkylthio, 

-CH^SR-*-, OCH^CO^R'^r 
-CON 'f -SCF3 r 

20 ~S^2\ ^^3' 

and each n is independently 0 to 10; 

25 with the provisos that: 

(a) not all of R^, R^, Y, Y^r Y^r Y^r Y^. and z are 
simultaneously H; 

(b) when up to 2 of R^, R^, Y, Y^r and Z are C^^ to C2 
alkyl, and the others of R^, R^, Yr Y^f and 2 are H, 

30 then R^ is not OH; and 
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(c) when n in -(CH_) — 0 3"<3 of R^, Y, 
y^^Y^ 

or 2 is OH, then R*^ is not H or C^^ to alkyl; 
and the pharmaceutically acceptable salts thereof, 

2. A compound according to Claim 1 wherein j 
each is to alkyl; 
R^ is hydrogen, Cj, to alkyl. 




or -(CH2)j,-Het-Y; 

?\ P 

R^ is hydroxyl, 0-C-R^,0-C-OR^; OCOCH^CH^COOH, OSO^H, 

or OPO^H-; 
4 

each R is independently Qy to alkyl; 
Het is heterocyclic group selected from pyridine, 
quinoline, thiazole, thiadiazole, or imidazole; 
X is 0 or S; 

Y, Y-*-, Y^, Y-^, and Z are each 
independently H, halogen to alkyl, 
or alkenyl, -COOR-*-, -COR^, C^^ to 
alkoxy, to alkylthio, -CH2SR^, 

r1 

-CON , "SCF^ 

\r1 
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-SO^N T -CN, or -CF ; 

o I 

5 Y is also OCH2CO2R ? 

each n is independently 0 to 4? 
and the pharmaceutical ly acceptable salts thereof. 

3. A compound according to Claim 2 wherein: 
10 each R"^ is methyl j 

is hydrogen. 



15 -<CH2)„- 



or -CH2-Het-Y; 

is 4-hydroxyl, 4-OS03Hr or 4-OPO3H2; 
20 Het is a pyridine; 

n « 1 or 2| 
X is O; and 

Y, Y^, r^, y^, ^^r and Z are each independently 
H, fluoriner chlorine, methyl, . propyl, allyl, 
25 -CCX>R^, -COR^, methoxy, methylthio, 

-CH^SR-*-, or -CF-^f 
and the pharraaceutically acceptable salts thereof. 




30 
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4. The compounds of Claim 1: 
.3 



Z 




wherein: 



10 



15 



20 



25 



30 
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1 it I X I 



I I i X X 



, J , , I I X I t I 1 



! 1 5 

, , I 1 X X 4^ J- ' ' 



X X X X X X 



t 1-11 11 



oooooooo 



oeooooooo 



O M 



« 1 x"" x;" 

xxxxx5^Sxxxx5555xx5 

5- 5-^ 5*^ 5" 5*^ S= S= 5= 5" 5^ 5*^ 5" 5'- 5*^ 
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'^>. xzzzxxzxxzxz 



MM^^^^i^tnvtmmtftiA mm 



X oooeeoooooo 



! ! 5 ! H 5 5 ! ! ! ! ! ! 



u u o w o u w w o u u « u w w u 

5" 5~ 8- i" 5~ 5~ B- ZT 8~ s" 6~ B~ 5~ 



5" 5" r b" r 8" if 8" ^' if 3" 5- 5- 5- ; 
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X X X X 



xxxxxxxx 



m m in 



SSx 3> In mm S S 3t 3* S 



oooooo. oo oe 



!5H !!!!!!!! 15! 



=*" 3?" X*" X*" x*" I*" x"" Y \ *f 2- t 2 S 5« 

5- i~ 5~ 5~ ^ 1~ ^' hT 8~ 5~ 5~ r l~ 



X** 3?* _<*» _tn en ro eo m « m <n rt rt m 

5"cr3"3 5555 55 5555 55 
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. f i J f . f f , ff rrr s f H 

. ilililiiiiifrjii 

X OOOVIMiAia«a«mSSoOOO OO 



!1S! 5 5 5 5 S5 5!H!5S 



^ a?" a?" a?" a!^ aK* -r*^ =^2 ^ ^ 

X?" X-* < < < 5" 5^ 5* 3* 
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^ 5- 5" 5" 8" 5" if 5" 6" b" ^ b" b" b" 
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z X ac X 



en m m m m en en m en m ex _cm 

f!!!f!!!f!!!_5 



ffk. *»f«. Pi-f*- ^X ZX *»>*» 



> v-inininir»intn^«'vinifi«ninm 



oeoo oooooo 



3?" X*^ 3?" X*" ^ X*" 3?^ X*" a!" X*" ^ 3?^ X*^ X*" 3?" 
CJ^ O* t/* fj^ ***** O** t*"* ti^ 13* cJ* €J* CJ* ti^ 

_ni ^o* *:m *5w _fw *3« -3*» _>* _S« _*w _«» _>» 



^ aT jT b" jT 5" ^ 5" rf" 5" ^' ^ if ^ 5" 
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X I ^ 



X X X X 



n tn w (n <o pi 



! 3 ! 3 ! 3 1 ! 



»< • o o o 



oooooooooooo 



5 

!!5 !!!!!! !!!!!! 



a» tf» rf» _sn _«*» _«« j!A 

CM «\l CW CM X X X_ X_ X_ X 3S a. ."ivA i*» 
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8 8 

!!!55!s!!!!!5 



»£ »s »c »s < ==12 < =!2 =c 

_r- !>» z:~ >i !>* !> 5>* Z~ 
S555 555555555 555 



if 5*" 5*^ 5*^ 5*^ 5*^ 5" 5** 5*^ 5*^ 5*^ 5** 5*** 5*^ 



0165810 



- 146 - 17141 Y 
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xxxx xxxxx 



X X X X 
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S S S S S f 2 2 f 2 f i X 5 5 
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«o »n « w »n tn ir. in in £ u E i; u u g> 
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5. A pharmaceutical composition useful in inhibiting leukotriene 
formation in mammals comprising a compound according to Claim 1 and a 
pharmaceutjcally acceptable carrier. 

6. A composition according to Claim 5 additionally comprising an 
. effective amount of a second active ingredient that is a non-steroidal anti- 
inflammatory drug; a peripheral analgesic agentj cyclooxygenase 
inhibitor; a leukotriene antagonist; a leukotriene inhibitor; an Hj-receptor 
antagonist; an antihlstaminic agent; a prostaglandin antagonist or a 
thromboxane antagonist. 

7. A composition according to Claim 6, in which the weight ratio of the 
compound of Formula I to the second active ingredient ranges from 1000:1 
to ItlOOQ- 

g. A composition according to Claim 6 or 7, in which the second active 
ingredient is a non-steroidal anti-inflammatory drug. 

9. A compound according to Claim I for use In Inhibiting leukotriene 
action in mammals. 

10. A compound according to Claim 1 for use in treating or ameliorating 
allergic conditions, asthma, psoriasis, pain, inflammation, or cardiovascular 
conditions in mammals or inducing cytoprotection in mammals. 



